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Abstract 
The Role of Cognition in Simulated Driving Behavior in Young Adults with Attention-
Deficit/Hyperactivity Disorder 
Anna C. Graefe, M.S. 
Maria Schultheis, Ph.D. 
 
 
Background: Previous research has found that adults with attention-deficit/hyperactivity 
disorder (ADHD) have increased rates of motor vehicle accidents, citations, and license 
revocations as compared to healthy adult drivers. Although ADHD-related cognitive 
deficits have been implicated in contributing to these negative driving outcomes, few 
studies have directly examined these relationships. The present study will examine the 
role of cognitive functioning in driving behaviors on a challenging simulated driving task 
in young adults with ADHD. 
Objectives: The primary aims were to 1) compare driving performance on a simulated 
driving task, the Risky Driving Task (RDT), in adults with ADHD and healthy control 
(HC) drivers; 2) examine cognitive mediators, as measured using performance-based 
neuropsychological tests and a self-report measure, of the relationship between ADHD 
status and simulated driving behaviors. Additional exploratory aim is to: 3) examine the 
relationship between inattention and hyperactivity/impulsivity symptoms and simulated 
driving behaviors. 
Method: Seventeen young adults aged 18-28 with ADHD and 21 age-, gender- and 
education-matched healthy control participants completed the RDT, a battery of 
neuropsychological tests measuring executive functioning, attention, motivation, and 
processing speed, and a self-report measure of executive functioning. Self-report of 
 xiii 
driving history, current driving behaviors, and demographic information was also 
collected. 
Results: The ADHD group showed significantly more variability in lane position, longer 
time stopped at a stoplight, and faster speed in a curved road segment than the HC group. 
ADHD participants were more likely than HC participants not to stop at a stop sign. 
ADHD diagnosis indirectly influenced lane variability through sustained attention and 
working memory. Longer time stopped at a stoplight and faster speeds in a straight 
section were correlated with greater symptoms of inattention, while faster speeds in a 
curved road segment were associated with hyperactivity/impulsivity symptoms. Failure to 
stop completely at a stop sign was associated with both greater inattention and greater 
hyperactivity/impulsivity symptoms. 
Conclusions: Results provide evidence of differences in simulated driving performance 
between young adults with ADHD those without the disorder on a challenging simulated 
driving task. This is the first study to demonstrate that cognitive constructs of working 
memory and sustained attention underlie group differences in simulated driving behavior. 
Driving simulation will continue to be a useful tool to investigate mechanisms of adverse 
driving outcomes in this population. Future driving simulation research should use 
similar manipulations to that implemented in the present study in order to increase 
ecological validity. 
  
 xiv 
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1. INTRODUCTION 
Attention-deficit/hyperactivity disorder is a neurodevelopmental disorder 
involving symptoms of inattention, hyperactivity, and impulsivity. The 
neuropsychological profile of ADHD is characterized by deficits in multiple cognitive 
domains, including attention, executive functioning, and processing speed, as well as 
differences in processing affective information needed for motivation, such as rewards 
and punishments (Boonstra et al., 2005; Castellanos, Sonuga-Barke, Milham, & Tannock, 
2006; Hervey et al., 2004; Seidman, 2006; Woods et al., 2002). These underlying 
cognitive deficits have been theorized to affect various activities of daily living, such as 
driving an automobile. Current studies indicate that ADHD-related cognitive deficits 
contribute to a pattern of adverse driving outcomes, including increased rates of 
accidents, citations, and license revocations, found in adult drivers with ADHD (Barkley 
et al., 2002; Jerome et al., 2006). Few studies have directly examined the relationship 
between neuropsychological functioning and driving in individuals with ADHD. Existing 
studies have examined attention, executive dysfunction, and processing speed, but none 
have incorporated additional neuropsychological domains in which individuals with 
ADHD might be impaired, such as motivational processes (Barkley et al., 2002; 
Biederman et al., 2007). 
Additionally, the majority of studies have used self-report and DMV records to 
examine driving behavior, rather than using more ecologically valid measures such as on-
road observation and driving simulation. Driving simulation in particular offers a unique 
tool to study in situ driving behavior, allowing one to measure driving behaviors while 
closely approximating situations similar to real-life driving. Moreover, simulated driving 
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offers a safe way to manipulate the driving environment so that multiple levels of driving 
behavior (i.e., operational, tactical, and strategic) can be evaluated. The proposed study 
will use a challenging simulated driving task, the Risky Driving Task, in order to first 
identify the specific driving behaviors that differ between ADHD and healthy control 
drivers, and will then explore executive functioning, attention, processing speed and 
motivational factors as mediators of the relationship between ADHD status and these 
driving behaviors. 
1.1 Attention-Deficit/Hyperactivity Disorder 
Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental 
disorder that includes developmentally-inappropriate symptoms of inattention, 
hyperactivity, and impulsivity (American Psychiatric Association [APA], 2013). In the 
United States, the disorder affects approximately 5% of children and adolescents (APA, 
2013). Of these individuals, up to 65% continue to report symptoms of ADHD as they 
age (Faraone, Biederman, & Mick, 2005), resulting in a prevalence of 2.5-4% in adults 
(APA, 2013; Kessler et al., 2006). Symptoms of hyperactivity may manifest differently in 
adulthood than in childhood and early adolescence, with motoric hyperactivity giving 
way to fidgetiness and feelings of restlessness, while inattention and impulsivity often 
continue to be problematic (APA, 2013). Adults with ADHD have been found to have 
significant occupational and social problems, including lower levels of educational 
attainment and employment, disruption of intimate partnerships, and difficulties in social 
functioning (Biederman et al., 1993; Gjervan, Torgersen, Nordahl, & Rasmussen, 2012; 
Knouse et al., 2008; Safren et al., 2010). One commonly reported area of difficulty is a 
pattern of negative driving outcomes, such as an increased risk of accidents, citations, and 
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license revocations (Murphy & Barkley, 1996; Barkley, Murphy, & Kwasnik, 1996; 
Barkley et al., 2002; Fried et al., 2006). 
1.2 Hierarchical model of driving performance and implications for ADHD 
Due to the complexity of driving, there is still no one widely accepted conceptual 
framework used to inform research. The proposed study employed a hierarchical model 
that has been used to conceptualize driving in a variety of populations (Figure 1). Michon 
(1985, 1989) proposed a three-level hierarchical model of driving performance, and 
Barkley (2004; Barkley & Cox, 2007) has mapped areas of possible deficit in ADHD 
onto each level. At the first level are operational skills, which can include vehicle 
maneuvering and are associated with basic cognitive skills, such as simple attention, 
reaction time, processing speed, spatial perception and orientation, and visual-motor 
coordination. The second level of the model comprises tactical skills, which includes the 
ability to adapt to new driving situations, such as adapting speed to road type and traffic, 
turning headlights on during times of low visibility, and deciding when passing is 
appropriate. In this level, impulsivity and reduced executive control over driving 
behaviors have been identified as relevant. The third and highest level in Michon’s 
hierarchy is the strategic level, consisting of planning and goals for driving. Cognitive 
functions relevant at this level might include higher order planning, goal-directed 
behavior, and meta-cognitive abilities.  
The model assumes that processes are occurring at each level concurrently, and 
that each level builds on the level below (Ranney, 1994). Therefore, decisions at the 
higher levels, such as choosing to text while driving, are believed to have an effect at 
lower levels, such as abrupt changes in speed and not staying within the proper lane. Due 
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to this relationship among the levels of the hierarchy, deficits in the higher levels may not 
be evident when only examining the lower levels. Thus, based on this model, it can be 
argued that a comprehensive understanding of       driving behavior requires inclusion of 
both higher- and lower-level behaviors. 
1.3 Driving behaviors in adults with ADHD 
 Self-report is the most commonly used method of gathering information about 
driving behavior and driving history, and is often collected using a variety of driving 
questionnaires, such as the Manchester Driving Behavior Questionnaire (DBQ; Reason et 
al., 1990), and interview methods. Self-report methods of driving behavior are subject to 
poor memory for retrospective events and behavior (Schwarz & Oyserman, 2001), and 
use of these methods to study driving in individuals with ADHD warrants additional 
caution, as drivers with ADHD may overestimate their driving performance more than 
drivers without ADHD (Knouse, Bagwell, Barkley, & Murphy, 2005). Therefore, 
researchers have turned to additional driving metrics, such as DMV records, to 
supplement self-report of driving behavior. 
Both longitudinal studies following children diagnosed with ADHD into young 
adulthood as well as studies of community-derived samples with ADHD using self-report 
have found an increased frequency of crashes, traffic citations, and driving without a 
license in adults with ADHD as compared to non-ADHD groups (Thompson, Molina, 
Pelham, & Gnagy, 2007; Weiss et al., 1979; Barkley et al., 1993; Fischer et al., 2007). In 
the one study using a community sample that analyzed DMV records, drivers with 
ADHD had a greater number of traffic citations (Fischer et al., 2007). Studies using 
clinic-referred samples with ADHD, which often differ from community samples in 
 5 
severity, number of symptoms, and comorbid conditions, have yielded similar results 
(Murphy & Barkley, 1996; Barkley et al., 1996; Barkley et al., 2002; Fried et al., 2006). 
Official DMV reports have consistently shown increased frequency of motor vehicle 
crashes, license suspensions/revocations, and citations in clinic-referred drivers with 
ADHD as compared to control drivers (Barkley et al., 1996; Barkley et al., 2002). 
On-road driving assessment is often considered the “gold standard” measure of 
driving behavior, as it is the most ecologically valid. Few studies have used on-road 
measures, either through direct observation or in-vehicle monitoring devices, to 
investigate driving behavior of individuals with ADHD. Fischer and colleagues (2007) 
followed young adults diagnosed with ADHD as children, finding that they made more 
impulsive errors during an on-road drive with a driving specialist than did community 
controls. Merkel and colleagues (2013) used an in-vehicle monitoring system to compare 
drivers with ADHD and community controls. This system uses several in-car video 
cameras to monitor driving. An accelerometer signals when sudden changes in the 
vehicle’s course have caused g-forces above a certain threshold, and saves video 
recording of a short period before and after the event. The researchers found that ADHD 
drivers had significantly more g-force events over three months as compared to non-
ADHD drivers, and that drivers with ADHD had more g-force events with peers in the 
car or while driving at night. During g-force events, drivers with ADHD were more likely 
to be engaged in behaviors related to hyperactivity or impulsivity, such as driving with 
their hands off the wheel, reaching for a loose object in the car, or dancing or fidgeting in 
their seat. Control drivers were more likely to be displaying inattentive behavior, such as 
daydreaming or looking out of windows in the car other than the front window. 
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Importantly, their results indicate that drivers with ADHD may differ from controls not 
only in the quantity of driving errors, but also in the types of errors that they make. 
In recent years, some researchers have turned to driving simulators to better 
examine driving behaviors among adults with ADHD, as they offer the opportunity to 
measure specific driving behaviors that might lead to crash, as well as to observe 
behavior in challenging driving situations without risk of physical harm. Table 1 
summarizes studies that have compared adult ADHD drivers with control drivers. 
Although nearly all simulated driving studies comparing drivers with ADHD to those 
without the disorder have found some differences in driving behaviors between the 
groups, results have not been consistent across studies. This inconsistency may be due to 
instrumental and methodological differences, as simulators range from simulator 
programs run on a desktop computer to high-fidelity simulators that include the front cab 
of a vehicle. Additionally, the simulator environments used vary widely, and researchers 
do not often report details of these environments in the literature. As driving is a highly 
context-dependent task, variations in equipment and simulator environment may be 
responsible for some of the differences in results seen across studies.   
 Despite these limitations, the majority of studies using simulated driving have 
yielded variables that can be applied to the present study: specifically, measures of speed, 
lane deviation, reaction to unexpected driving situations, and crash. Weafer and 
colleagues (2008) compared sober adults with ADHD to community control participants 
tested in sober and legally intoxicated (blood alcohol content of 80mg/100ml) community 
control participants. They found that ADHD drivers differed from sober control drivers, 
but not from intoxicated control drivers, on variability of lane position and rate of turning 
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the steering wheel. Two additional studies support similar findings of more scrapes and 
collisions, increased steering variability, and poorer steering control in individuals with 
ADHD as compared to controls (Barkley et al., 1996; Fischer et al., 2007). However, a 
larger study failed to find differences on driving simulator measures, a finding the authors 
hypothesized might be attributed to the simplicity of the simulator used (Barkley et al., 
2002). Biederman and colleagues (2007) measured ADHD drivers and community 
control drivers, and found that ADHD drivers were significantly more likely than control 
drivers to hit an obstacle that appeared suddenly after a long, boring road section. 
Adult drivers with ADHD receive more traffic citations and violations per both 
self-report and DMV records. These adverse driving outcomes seem to be caused by a 
pattern of poor driving behaviors, as seen on simulator and on-road observation of 
driving behavior. In particular, drivers with ADHD may show increased variability in 
lane position and steering as compared to control drivers. ADHD drivers are more likely 
to commit impulsive driving behaviors and to place themselves in situations in which 
their driving ability might be compromised (e.g. driving with peers, driving at night; 
Merkel et al., 2013). 
In relation to Michon’s driving hierarchy, the majority of studies has focused on 
the operational and tactical levels, including basic vehicle control and maneuvering as 
well as adjustment to the driving environment. Only Merkel and colleagues (2013) have 
extended beyond these two levels to include variables that might be related to the third 
strategic level of the hierarchy, such as choice of passengers, in-vehicle distractions, and 
time of driving. Methodologically, measuring behavior at the third level of driving poses 
a significant challenge to researchers, as planning and goals for driving change with the 
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driving situation, and may be difficult or impossible to evaluate via retrospective self-
report or driving records. Driving simulation offers a unique opportunity to manipulate 
and evaluate driving behavior at the strategic level, and to then observe the effects in all 
three levels of the driving hierarchy. The proposed study will use such a manipulation in 
a challenging simulated driving task. 
1.4 Neuropsychological functioning in adults with ADHD 
While the majority of research on the cognitive and neurobiological 
underpinnings of ADHD has been focused on children and adolescents, the past decade 
has seen increased research on the progression of the disorder throughout the lifespan 
(Hervey, Epstein, & Curry, 2004). Generally, patterns of cognitive deficits in adults with 
ADHD have mirrored those found in children (Seidman, 2006). Although deficits have 
been found in multiple domains, research into the neuropsychological profile of ADHD 
has focused primarily on attention and executive functions (EF; Barkley, 1997). 
Executive functions are a constellation of abilities that underpin planning, initiation, 
sequencing, and monitoring of complex goal-directed behavior (Miyake et al., 2000), and 
include functions such as working memory, problem solving, set shifting, fluency, and 
inhibition (Pennington & Ozonoff, 1996). Although results of individual studies in adults 
have been inconsistent, reviews and meta-analyses have supported the presence of 
deficits in divided and sustained attention and certain components of EF, particularly 
behavioral inhibition, working memory, and verbal fluency (Alderson et al., 2013; 
Boonstra et al., 2005; Hervey et al., 2004; Seidman, 2006; Woods, Lovejoy, & Ball, 
2002). In their review, Woods and colleagues (2002) noted that ‘across the board’ 
impairment in attention and frontal/executive systems within individual participants was 
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rare, and that adults with ADHD may have difficulty harnessing their attentional 
resources to give sustained, reliable effort on attention and EF tasks. 
Importantly, some researchers have sought to expand their definition of relevant 
cognitive domains in this population.  For example, reviews and meta-analyses support 
the presence of deficits in other cognitive domains outside of attention and EF, including 
processing speed and verbal memory (Boonstra et al., 2005; Hervey et al., 2004; 
Seidman, 2006; Woods et al., 2002). Hervey and colleagues (2004) attempted to 
determine the types of tasks in which performance of adults with ADHD tended to differ 
from controls. They concluded that adults with ADHD diverged from healthy controls the 
most on tasks with four elements: complexity, time requirements, processing speed, and 
motor functioning. Interestingly, these elements are often tapped in driving, and are 
reflected across several levels of the hierarchical model of driving. 
Newer research not yet included in available meta-analyses provides some 
support for deficits in motivational processes in ADHD. Motivational processes involve 
decisions or problems with high affective involvement, or those that require an individual 
to moderate the affective significance of stimuli (Castellanos et al., 2006). Within the 
context of neuropsychological research, this affective component is often manipulated 
using rewards and punishments, such as winning and losing points or money, or 
manipulating the delay before a participant is given a reward. In both children and adults, 
several studies have found performance on measures of risky decision making to differ 
between individuals with ADHD and control participants. In risky decision making tasks, 
such as the Iowa Gambling Task, individuals must make choices (e.g., choose cards from 
a deck) based on unknown probabilities of winning or losing. On these tasks, individuals 
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with ADHD do not maximize gains and minimize losses as efficiently as their same-age 
peers (Malloy-Diniz, Fuentes, Borges Leite, Correa, & Bechara, 2007; Matheis, 
Philipsen, & Svaldi, 2012; Mantyla, Still, Gullberg, & Del Missier, 2012; Mowinckel, 
Pederson, Eilersten, & Biele, 2014). 
Although there is some conceptual overlap between EF and motivational 
processes, studies using performance-based measures of both domains have found that 
they are distinct constructs. Additionally, studies using functional brain imaging have 
shown that motivational processes are neuroanatomically distinct from EF, with EF 
served by dorsal frontostriatal pathways and motivational processes by ventral 
frontostriatal pathways (Baroni & Castellanos, 2015; de Zeeuw, Weusten, van Dijk, van 
Belle, & Durston, 2012; Rubia, 2011; Sjowall, Roth, Lindvist, & Thorell, 2013; Sonuga-
Barke et al., 2010). In addition, these two pathways may be associated with separate 
ADHD symptoms, with attention and executive symptoms underpinning symptoms of 
inattention, and motivation responsible for symptoms of impulsivity (Woods et al., 2002; 
Chhabildas, Pennington, & Wilcutt, 2001; Wilcutt, Pennington, Olson, Chhabildas, & 
Hulslander, 2005). Thus, consideration of multiple pathways in ADHD may give clues to 
its heterogeneous clinical presentation (Baroni & Castellanos, 2015; de Zeeuw et al., 
2012; Sonuga-Barke et al., 2010). 
In summary, research on the neuropsychological profile of ADHD supports 
similar deficits in both children and adults. This profile includes impairments in domains 
of attention, executive functioning, and processing speed. Newer research also supports 
impairments in motivational processes, such as risky decision making. These findings 
give evidence for continued investigation into multiple domains and pathways to best 
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describe the neuropsychological and neurobiological profile of ADHD. As following 
sections will demonstrate, measurement in multiple cognitive domains may also be 
necessary to best describe the impairments in driving seen in individuals with ADHD. 
1.5 Cognition and driving in other populations 
 The relationship between cognitive performance and driving behaviors has been 
most thoroughly studied in groups in which cognition is likely to be compromised, such 
as older adults, those who have sustained a traumatic brain injury, and those with chronic 
illness (e.g., multiple sclerosis). A recent review of studies that used either on-road 
driving or driving simulation across multiple chronic neurological conditions concluded 
that poor performance on one measure of executive functioning, the Trail Making Test B 
(TMT-B; Army Individual Test Battery, 1944; Reitan & Wolfson, 1985), was most often 
related to poor driving performance (Marino et al., 2013). Within our lab, processing 
speed and visual scanning, as measured by the Symbol Digit Modalities Test (SDMT; 
Smith, 1982) has consistently been found to be predictive of both on-road and simulated 
driving in individuals with multiple sclerosis and TBI (Schultheis et al., 2010). Thus, 
evidence from studies of driving in clinical populations indicates that executive 
functioning and processing speed correlate with driving ability. 
Several relevant studies have been completed in healthy young adult populations 
that might inform the present study. Although studies of performance-based cognitive 
measures and driving in healthy adults are limited, extant studies indicate that poorer 
performance in two components of executive functioning, working memory and 
inhibition, are related to greater variability in lane position in driving simulators (Jongen 
et al., 2012; Mantyla, Karlsson, & Marklund, 2009). Measures of risky decision making 
 12 
have been found to be related to speed, overtaking maneuvers, and smoothness of speed 
control in simulated driving (Farah, Yechiam, Bekhor, Toledo, & Paulus, 2008), and to 
differentiate between repeat traffic offenders and drivers with no offenses (Lev, 
Hershkovitz, & Yechiam, 2008). Similarly, results from a recent master’s thesis 
completed in our lab found that both better SDMT performance and increased risky 
decision making predicted greater speed in a challenging driving task (Graefe & 
Schultheis, 2013). Thus, findings indicate that executive functioning, risky decision 
making, and processing speed may be related to driving behavior in healthy adults. 
1.6 Basis of negative driving outcomes in adults with ADHD 
1.6.1 Inattention, hyperactivity, impulsivity and driving in ADHD 
 In the general population, inattentive and risky, aggressive driving behaviors 
precede the majority of crashes (National Highway Traffic Safety Administration 
[NHTSA], 2008a; 2008b). The National Highway Traffic Safety Administration 
(NHTSA, 2008a; 2008b) has proposed a systematic classification system, differentiating 
between “recognition errors” and “decision errors” in driving. Recognition errors include 
factors related to inattention, such as inadequate surveillance and distraction both inside 
and outside the car. Decision errors include deliberately risky driving behaviors such as 
driving too fast for conditions and driving aggressively, and are defined as “specific 
patterns of behavior that includes speeding, tailgating, weaving, red-light running, and 
abrupt speed changes” (p. 310). In a study of over 5,000 crashes, the NHTSA found that, 
of all crashes in which driver-related factors were responsible, recognition errors 
preceded 41% of crashes, with 20% of crashes resulting from improper surveillance and 
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11% resulting from internal distraction. Decision errors preceded 34% of crashes, with 
excess speed resulting in 13% of crashes and illegal maneuvers about 4%. 
Some evidence exists that ADHD symptoms of inattention and impulsivity may 
be related to these separate categories of driving behaviors. In studies of young adult 
drivers, self-reported trait impulsivity is related to greater self-reported frequency of risky 
driving behaviors (Dahlen, Martin, Ragan, & Kuhlman, 2005). Similar results have been 
found in drivers with ADHD (Thompson et al., 2007), and drivers with ADHD have, as a 
group, been shown to engage in more self-reported risky driving behaviors than drivers 
without the disorder (Richards, Deffendbacher, Rosen, Barkley, & Rodricks, 2006; 
Thompson et al., 2007). Self-reported symptoms of inattention in healthy young adults 
drivers have been related to failing to scan intersections before proceeding (Kass, Beede, 
& Vodanovich, 2010). Biederman and colleagues (2007) found that drivers with ADHD 
were more likely to hit an obstacle that appeared after a long, boring drive, leading 
researchers to conclude that inattention may play a role only during specific driving 
situations. 
 In summary, the majority of driving errors in the general population occur due to 
inattentive or risky driving behaviors, and there is some evidence of a connection 
between behavioral symptoms of ADHD and these specific categories of driving 
behaviors. While impulsivity may be related to risky driving behaviors such as speeding, 
running red lights, and close following, inattention may be related to errors of omission, 
distraction, and improper surveillance. Importantly, Biederman and colleagues’ (2007) 
work highlights the importance of driving situation to “set up” drivers with specific 
symptoms for certain negative driving outcomes. As ADHD symptoms of inattention, 
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impulsivity, and hyperactivity have been related to underlying cognitive dysfunction, 
investigating the role of cognition as a mediator between symptomatology and adverse 
driving outcomes in adults with ADHD is an essential next step. The following section 
will examine existing literature on the role of cognition in driving behaviors of adults 
with ADHD. 
1.6.2 Cognition and driving in adults with ADHD 
 Much of the research on driving in adults with ADHD has proposed that cognitive 
factors such as inattention and executive dysfunction underpin negative driving 
outcomes, yet few studies have directly examined these relationships. Fried and 
colleagues (2006) administered a small neuropsychological test battery, the Manchester 
Driving Behavior Questionnaire (DBQ) and a driving history questionnaire to a sample of 
adults with ADHD and control participants who do not have ADHD. They dichotomized 
the ADHD group into “high risk drivers” and “low risk drivers,” using the maximum 
DBQ score for the control group as a cutoff, and found nonsignificant trends that high-
risk drivers with ADHD had slower processing speed and poorer response inhibition as 
compared to low-risk ADHD drivers. Biederman and colleagues (2006) administered a 
battery of executive functioning tests to adults with ADHD and a comparison group, and 
then divided each group based on whether they had executive dysfunction, defined as 1.5 
standard deviations from the mean on two or more tests.  Participants with ADHD and 
executive dysfunction had more prior motor vehicle accidents and tickets than either of 
the comparison groups (no EF deficit and EF deficit), but not the ADHD group without 
EF deficits. 
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In one of the most comprehensive studies on ADHD and driving, Barkley and 
colleagues (2002) administered a neuropsychological battery, driver behavior and history 
questionnaires, and a computerized test designed to measure cognitive skills needed for 
driving to ADHD drivers and community controls. DMV records for all participants were 
obtained, and participants completed driving tasks on a basic simulator. The 
neuropsychological measures were grouped using factor analysis, and then these factors 
were examined as mediators of the relationship between ADHD severity and driving 
measures. Results showed that the inhibition factor was a possible mediator of the 
relationship between ADHD severity and total self-reported accidents. Additionally, 
interference control predicted total self-reported traffic violations even after controlling 
for ADHD severity, although this relationship did not indicate that interference control 
was a mediator. Working memory and inattention factors did not predict driving 
performance or driving history. 
Some researchers have questioned the ecological validity of neuropsychological 
tests of executive functioning and, by extension, their ability to predict impairment in 
daily activities (Burgess, Alderman, Evans, Emslie & Wilson, 1998). Comparisons of 
self-report measures of executive functioning and performance-based measures of 
executive functioning have shown that each measures a different construct, with 
performance-based measures capturing processing efficiency and self-report measures 
gauging success in goal pursuit (Toplak, West & Stanovich, 2013). With regard to 
driving in particular, Barkley and Murphy (2011) found that self-reported EF dimensions 
of self-discipline, self-organization/problem-solving, self-management of time, and self-
activation were related to self-reported and DMV records of negative driving outcomes. 
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Thus, self-report measures of executive functioning deficits may capture different aspects 
of executive functioning than do neuropsychological tests, and those aspects may be 
related to driving outcomes in adults with ADHD. Importantly, assessment of “goal 
pursuit” is relevant to the highest strategic level of Michon’s (1985, 1989) hierarchy, 
providing additional evidence that self-report of EF may be useful in understanding 
driving behavior in individuals with ADHD. 
Taken together with the literature on driving in other clinical populations as well 
as that on healthy young adults, research on cognition and driving in adults with ADHD 
supports continued investigation into the role of EF. Moreover, both performance-based 
laboratory measures of EF as well as self-report measures should be used, as they seem to 
describe different aspects of this domain. Although measures of motivational processing 
and processing speed have not yet been studied in relation to driving in adults with 
ADHD, prior research indicates that they are related to driving behavior in other 
populations. As these domains are often impaired in adults with ADHD (Malloy-Diniz et 
al., 2007), studying their relationship with driving may give additional insight into the 
basis of negative driving outcomes in adults with ADHD. 
1.7 Present study: aims and hypotheses 
 The present study seeks to add to the existing literature on driving in adults with 
ADHD using a challenging simulated driving task, the Risky Driving Task. Previous 
studies attempting to identify the ways in which driving differs in this population have 
relied on self-report and DMV report; however, examination of specific driving behaviors 
that differentiate adults with ADHD from controls is needed to more comprehensively 
describe the reasons for adverse driving outcomes. Studies using simulated driving have 
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yielded inconsistent results; therefore, further investigation of the ways in which drivers 
with ADHD differ from control drivers is needed. Additionally, prior studies have 
examined driving behavior at the operational and tactical levels, but few studies have 
attempted to measure or manipulate the strategic level of driving. The Risky Driving 
Task creates this manipulation using time pressure, risk, and rewards similar to those 
present in everyday driving. In completing the task, participants have to balance arriving 
at the destination within a given time limit with risk of negative consequences, such as 
tickets or crash, just as they would in real-world driving. Therefore, Aim 1 of the 
present study is to examine differences in driving behavior between adults with 
ADHD and healthy control (HC) participants using a simulated driving task, the 
Risky Driving Task. 
Furthermore, despite supposition that cognitive deficits might underlie adverse 
driving outcomes in adults with ADHD, few studies have directly investigated this 
relationship. Existing studies have investigated the role of attention, processing speed, 
and executive functioning in driving behaviors of adults with ADHD. Of these domains, 
executive functions have been most comprehensively examined, with findings 
implicating interference control and inhibition as mediators of the relationship between 
ADHD symptomatology and adverse driving outcomes (Barkley et al., 2002). 
Motivational constructs, such as risky decision making, have not been studied in relation 
to driving in this population; however, they have been related to adverse driving 
outcomes in healthy adults (Farah et al., 2008) and traffic offenders (Lev et al., 2008), 
and have been shown to differ between adults with ADHD and healthy controls (Malloy-
Diniz et al., 2007). Therefore, the present study sought to explore executive 
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functioning, attention, processing speed and motivational factors as mediators 
between ADHD symptomatology and driving behavior. 
Previous research has attempted to relate dimensional symptom clusters to 
specific driving behaviors. Across studies, there is some evidence that symptoms of 
inattention contribute to inattentive driving behaviors, while symptoms of hyperactivity 
and impulsivity contribute to risky driving behaviors. Therefore, a third, exploratory 
aim was to examine the relationship between self-reported inattentive symptoms 
and self-reported hyperactive/impulsive symptoms and driving behavior.  
Formal statement of aims and hypotheses 
Aim 1: Examine differences in driving simulator performance on the Risky Driving 
Task between the ADHD and healthy control groups. 
Hypothesis 1: The ADHD group will demonstrate poorer performance on measures of 
speed as compared to the HC group. Specifically, they will demonstrate faster mean 
speeds, greater standard deviation of speed, and will spend greater percentage of time 
above the speed limit. 
Hypothesis 2: The ADHD group will demonstrate poorer performance on measures of 
lane management as compared to the HC group. Specifically, they will have a greater 
standard deviation of lane deviation than the HC group. 
Hypothesis 3: The ADHD group will demonstrate poorer performance on measures of 
stopping behavior as compared to the HC group. Specifically, fewer participants with 
ADHD will come to a full stop at stop signs than HC participants. The ADHD group will 
stop closer to the stop sign and stop for less time. 
 19 
Hypothesis 4: The ADHD group will demonstrate poorer performance on measures of 
complex driving as compared to the HC group. For both the boy and ball and school bus 
scenarios, the ADHD group will have higher minimum speeds, stop closer to the hazard, 
and stop for shorter periods of time. More ADHD drivers than HC drivers will pass the 
truck on the highway. More ADHD drivers than HC drivers will crash into the car pulling 
out. 
Aim 2: Examine neuropsychological performance as a mediator of the relationship 
between ADHD symptomatology and simulated driving behaviors. 
Hypothesis 1: When gender and driving experience are taken into account, executive 
functioning, attention, processing speed and motivation will mediate the relationship 
between ADHD symptomatology and simulated driving behaviors shown to differ 
between ADHD and healthy control drivers in Aim 1. 
Aim 3: Examine the relationship between inattention and hyperactivity/impulsivity 
symptoms and driving behaviors. 
Hypothesis 1: Greater symptoms of inattention will be related to poorer driving 
behavior. 
Hypothesis 2: Greater symptoms of hyperactivity/impulsivity will be related to poorer 
driving behavior. 
2. METHOD 
2.1 Study overview 
 This study examined differences between ADHD and control participants on a 
simulating driving task and aimed to better understand the role of cognition in the 
relationship between ADHD symptomatology and driving behaviors. A total of 38 
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participants were recruited. Data collection took approximately 2.5-3 hours. Independent 
samples t-tests and chi-square tests of independence were used to examine between-
group differences in driving behaviors. To evaluate the role of cognition in mediating the 
relationship between ADHD symptomatology and simulated driving behavior, ordinary 
least squares path analysis using bootstrapped confidence intervals was used (Preacher & 
Hayes, 2004, 2008; Hayes, 2013). Correlations were used to examine the relationships 
between symptom dimensions and driving behaviors.  
2.2 Participants 
 Participants (N = 38) in the present study were recruited in two groups: an ADHD 
group (n = 17) and a control group (n = 21). Inclusion criteria for both groups were: 1) 
current U.S. driver’s license; 2) between the ages of 18-28, to capture a group of young 
adults; and 3) no less than 12 months of independent driving, to reduce the effects of 
inexperience during the driving tasks. The groups were matched on age, gender, and 
years of education. 
2.2.1 ADHD Adults 
All participants in the ADHD group had a current, documented diagnosis of 
ADHD that was confirmed with the participants' treating medical provider. Prior studies 
examining differences in simulated driving behavior between ADHD and healthy control 
groups have used a 24-hour medication washout period and then evaluated driving 
behaviors while unmedicated (Barkley et al., 1996; Barkley et al., 2002; Biederman et al., 
2007; Weafer et al., 2008). In order to ensure results are comparable to those of prior 
studies, all ADHD participants abstained from taking stimulant medication for 24 hours 
prior to their study visit. Furthermore, no participants in the ADHD group were taking a 
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selective norepinephrine uptake inhibition (SNRI) to treat ADHD, as these medications 
cannot be discontinued suddenly (Schatzberg, Cole & DeBattista, 2010). 
2.2.2 Healthy Adults 
Participants in the healthy control (HC) group were healthy adults who, together, 
matched the ADHD group on age, gender, and education. They did not meet criteria for 
ADHD based on the BAARS-IV and were not taking stimulant medication (prescribed or 
recreationally).  
Exclusion criteria for both groups of participants included: 
• Neurological and medical history: Individuals with a history of head trauma 
accompanied by loss of consciousness greater than 30 minutes, epilepsy, brain 
tumor, meningitis, or any other significant neurological or medical condition were 
excluded.  
• Comorbid psychiatric diagnoses: Individuals with significant psychiatric history 
(i.e. psychosis, schizophrenia), or who have been hospitalized for a psychiatric 
condition (e.g. Major Depressive Disorder, substance abuse) were excluded. 
Further, a history of psychotropic medication other than that for ADHD also led 
to exclusion from the study. 
• Substance abuse history: Individuals with a history of treatment for drug and/or 
alcohol abuse were excluded. 
2.3 Recruitment 
 Participants were recruited from the community via flyers and advertisements at 
Drexel University and other area universities, and via the Sona recruitment system at 
Drexel. Compensation is discussed in the procedures section below. 
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2.4 Power analysis 
Power analyses were conducted to determine the sample size needed to achieve 
80% power for t-tests for independent samples. The majority of prior studies comparing 
simulated driving performance of adults with ADHD to healthy control drivers have not 
corrected for family-wise errors, and therefore an alpha level of .05 will be used to 
determine significance in the present study. Effect sizes from previous simulator studies 
vary widely among studies and within studies on simulator outcome variables used. 
Weafer et al. (2008) found a medium effect size (d = 0.53) distinguishing between the 
ADHD and control group in standard deviation of lane position. At this effect size, a one-
tailed t-test for independent measures would require two groups of 45 participants to 
detect a difference at 80% power with an alpha level of .05. Biederman et al. (2006) 
found a medium effect size (Φ = 0.31) in detecting differences in the number of ADHD 
participants versus control who collided with an obstacle that appeared suddenly. At this 
effect size, a chi-square test for independence would require two groups of 23 
participants to detect a difference between group frequencies at 80% power and with 
alpha set at .05. Mediation analyses will use a bootstrapping procedure and therefore 
remain powerful even with relatively small sample sizes.  
For Aim 1 analyses using one-tailed t-tests for independent measures, actual 
obtained sample size yielded power of 0.15 to detect a small effect size, 0.44 for a 
medium effect size, and 0.78 to detect a large effect size. Given the limited power to 
detect an effect due to the small sample size of the study, effect sizes will be emphasized 
in the interpretation of results. 
2.5 Assessment measures 
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A table of assessment measures is presented in Table 2. 
2.5.1 Demographic information 
Demographic variables of age, gender, employment status, education level, and a 
brief medication history were collected for each participant via questionnaire. 
2.5.2 ADHD Screen 
 The Barkley Adult ADHD Rating Scale (BAARS-IV; Barkley, 2011) was used to 
screen for ADHD. The BAARS-IV is a screening tool that assesses self-reported current 
ADHD symptoms, domains of impairment, and retrospective report of childhood 
symptoms of ADHD based on the DSM-IV-TR criteria (APA, 2000). The BAARS-IV 
takes 5-7 minutes to complete and yields inattention, hyperactivity/impulsivity, sluggish 
cognitive tempo, and total ADHD scores that are normed by age group. The BAARS-IV 
has high internal consistency, good interobserver agreement, and high test-retest 
reliability. It has been validated using several other measures of ADHD symptoms, and 
has concurrent validity with various measures of functional impairment in major life 
activities. For the self-report portion, participants with ADHD were instructed to respond 
based on overall behaviors during the past six months, rather than for behavior on or off 
ADHD medication. 
2.5.3 Neuropsychological measures 
 The proposed study assessed neuropsychological functioning in several domains. 
A summary of measures and variables used is presented in Table 2 with additional 
descriptions of measures presented in Appendix A. The domains assessed are as follows: 
intellectual functioning was assessed with the two-subtest form of the Wechsler 
Abbreviated Scale of Intelligence – Second Edition (WASI-II; Wechsler, 2011); simple 
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attention and processing speed was assessed with the Symbol Digit Modalities Test 
(SDMT; Smith, 1982) and the Trail Making Test A (TMT-A; Army Individual Test 
Battery, 1944; Reitan & Wolfson, 1985); working memory was assessed with the N-back 
task (Jaeggi et al., 2010); response inhibition and sustained attention were assessed with 
the Conners Continuous Performance Test – Third Edition. (CPT 3; Conners, 2014); 
cognitive flexibility was assessed with the Trail Making Test B (TMT-B; Army 
Individual Test Battery, 1944; Reitan & Wolfson, 1985); and risky decision making was 
assessed with the Iowa Gambling Task (IGT; Bechara, Damasio, Damasio & Anderson, 
1994; Bechara, Damasio, Tranel & Damasio, 1997). 
2.5.4 Self-report measure of executive functioning 
The Behavior Rating Inventory of Executive Function – Adult Version (BRIEF-
A; Roth, Isquith, & Gioia, 2005) was used to measure self-reported executive 
functioning. It assesses nine clinical scales which then contribute to two indices, 
behavioral regulation and metacognition, as well as to a summary score. Three validity 
indices can be used to measure response validity. Age- and gender-corrected scores of the 
behavioral regulation and metacognition indices were used. 
2.5.5 Driving history and self-reported driving behavior 
 Driving history consisting of age licensed, current driving frequency, and self-
reported history of motor vehicle accidents, tickets, and violations was collected using a 
driving history questionnaire generated by the Applied Neurotechnologies Lab and used 
in other simulator studies. Current self-reported driving behaviors were measured using 
the Manchester Driver Behavior Questionnaire (DBQ; Reason et al., 1990; Lawton et al., 
1997). The DBQ consists of 45 items and has been used to measure driving behavior in 
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adults with ADHD in prior studies (Reimer et al., 2005). It has a four-factor structure 
consisting of slips and lapses, mistakes, unintended violations, and deliberate violations. 
Both the driving history questionnaire and DBQ were used to describe current and past 
driving behaviors in the sample. 
2.5.6 Risky Driving Task 
2.5.6.1 Virtual reality driving simulator 
The present study used the current version of a Virtual Reality Driving Simulator 
(VRDS) as developed by Digital Media Works, Inc. The VRDS was designed to be a 
clinically accessible simulator, and as such it relies on commercially available software 
and hardware and does not require specialized training or large space. The simulator uses 
real-world dynamics and a variety of pre-programmed driving scenarios. Driving input is 
provided via a commercially available steering column and foot pedals. Three monitors 
provide visual feedback to the participant. The virtual environment used in the risky 
driving task consists of five different types of driving environments: a rural road, a 
divided highway, a commercial area, a residential area and a school zone.  These zones 
were specifically selected from clinical driving specialists in an attempt to capture real 
life driving situations. Within each zone, some driving scenarios can be triggered to 
increase the challenge to the driver (e.g, a car running a red light or a school bus 
unloading children). 
2.5.6.2 Prior research using the Risky Driving Task 
Prior research with the RDT has been completed with a sample of healthy, young 
adults. Results have shown that, as compared to a baseline, participants drove faster in 
three of four pre-determined sections, and exhibited greater lane deviation in all four pre-
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determined segments. Graphs of the results of these analyses are present in Figure 2. 
Additionally, poorer performance on a measure of risk taking propensity and faster 
processing speed predicted faster mean speed in a residential segment (Graefe & 
Schultheis, 2013). 
2.5.6.3 Administration of the Risky Driving Task 
Administration of the VRDS component of the present study took approximately 
one hour. Participants first completed a 15-minute training drive consisting of highway 
and residential environments. They then completed a trial drive of the Risky Driving 
Task (RDT) route and the RDT. Participants were queried for symptoms of simulator 
sickness both before and after the drive. 
The Risky Driving Task (RDT) uses both time pressure and unexpected driving 
scenarios to create a challenging driving task. Participants drive through rural road, 
highway, commercial area, residential area and school zone environments. Challenging 
driving situations appear along the route and create other opportunities for risky driving 
behavior that are similar to those that might be experienced during real-life driving. For 
example, in a school zone, a bus unloads pupils, and in a commercial zone, cars pull out 
of parking spots abruptly. The route that participants are instructed to follow should take 
approximately 12:30 minutes to complete if obeying the speed limit, coming to a 
complete stop at all stop signs, and avoiding hazards that appear along the route. 
Participants complete the RDT while the examiner is in the next room. They are told that 
their time and driving performance will be rewarded, receiving $10 if they complete the 
task with no driving errors and within 10 minutes, and $5 for good driving performance 
but a time of greater than 10 minutes. They are told that there may be a police officer 
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along the route who will pull them over and take all of their reward if they are caught 
committing a ticketable offense (e.g., speeding, running stop signs or lights). The route 
with challenges and driving segments and stops selected for analysis are presented in 
Figure 3. 
As participants complete the task without the examiner present in the testing 
room, the examiner first leads the participants through the route before beginning the 
task. For this first practice drive, all on-road challenging situations are be turned off. A 
map with the route used during the task and a written list of directions are be provided to 
participants. Participants read instructions for the practice drive, including explaining the 
route using the map. Verbal instructions for the practice drive are presented in Appendix 
A. Once participants have completed the RDT practice drive, the examiner reads the 
instructions for the RDT task. Once they have answered any questions the participant has, 
they leave the room. Verbal instructions for the RDT drive are presented in Appendix A. 
A map of the route participants take is presented in Appendix B.  
As the examiner is not in the simulator room with the participant, monitoring of 
the participant and coding of driving outcomes occurs via a closed-circuit wireless 
surveillance system. The surveillance system allows the examiner to observe the 
participant during the drive so that they can quickly address any technological problems 
that might occur. It also allows the examiner to monitor the participant for any 
indications of simulator sickness, an uncommon side effect of exposure to virtual 
environments. The session is not recorded for future viewing. 
The examiner also uses the surveillance system to monitor for navigation errors. 
A previous study using the RDT found that few drivers made major navigation errors, 
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and all of those major navigation errors consisted of a wrong turn at the first intersection 
in the route. As such, the examiner stopped participants who made this or other major 
navigation errors after 5 minutes of driving in the wrong direction. Participants who 
stopped without examiner intervention were given a second attempt at the RDT. All 
participants were compensated $10 for their attempt. 
2.5.6.4 Simulated driving outcome measures 
Driving outcome measures are presented in Table 3. Driving behaviors previously 
found to differ between adults with ADHD and healthy control participants were used: 
speed, lane management, and stopping behavior (Barkley et al., 2002; Fischer et al., 
2007; Weafer et al., 2008). These variables, illustrated in Figure 3, were extracted from 
four pre-determined road segments (straight highway, curved highway, straight 
residential, and curved residential) and four pre-determined stops (rural four-way stop 
sign, two residential stop signs, and a commercial stop light). Additionally, driver 
reaction to challenging driving situations in which obstacles appear suddenly in the 
environment was used, as collision with obstacles has also differed in adults with ADHD 
and without ADHD (Biederman et al., 2006). 
A post-session questionnaire, presented in Appendix D, was administered after 
the RDT to measure motivation of participants during the risky driving task, and query 
how much they value the $10 reward. The questionnaire also asked participants to give a 
subjective appraisal of their driving performance during the task. 
2.5.7 Other measures 
Simulator sickness was screened for using the Modified-Simulator Sickness 
Questionnaire (M-SSQ; Kennedy et al., 1993) and symptoms of simulator sickness were 
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measured before and after driving. If a participant experiences simulation sickness, 
information from this questionnaire is used qualitatively to help determine if they should 
continue with the drive. No participants reported experiencing simulator sickness in the 
present study. 
2.6 Procedures 
A diagram of visit procedures is presented in Figure 4. To determine eligibility, 
all potential participants underwent a phone screen interview prior to enrollment in the 
study. Using a scripted questionnaire, potential participants were queried regarding their 
driving, medical, and psychiatric history as well as other exclusion criteria. Eligible 
individuals were invited to participate in the study. At this point, informed consent was 
then obtained from participants ADHD participants. The consent process took place over 
the phone, as the ADHD participants must understand and agree to the procedures for 
cessation of medication for 24 hours prior to their testing session, which was completed 
while unmedicated. 
Eligible participants were scheduled for a study visit, and ADHD participants 
were given specific instructions regarding abstention from medication for 24 hours prior 
to testing. At the study visit, all participants first completed written informed consent, and 
then the BAARS-IV. Healthy control participants who met criteria for ADHD were 
debriefed and compensated for their time. Compensation included a smaller amount of 
extra credit points than would be awarded for completion of the full study or $5. Any 
participants previously undiagnosed with ADHD were then provided with resources to 
follow up with professional consultation. 
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Participants then completed a driving questionnaire regarding driving history and 
the BRIEF Adult Self-Report. Cognitive measures and driving measures were 
counterbalanced. Administration of cognitive measures lasted approximately 90 minutes, 
and consisted of the WASI-II, the n-back test, the IGT, the Trail Making Tests, the 
SDMT, and the CPT 3. 
Upon completing the full study visit, participants were debriefed and 
compensated. Participants enrolled in the Drexel Sona System received extra credit as 
well as $10 for their completion of the RDT. Participants who were not enrolled via the 
Drexel Sona System or who preferred financial compensation over extra credit received 
$20 compensation for their time. 
2.7 Summary of modifications 
Although a power analysis indicated that two groups of 45 participants were 
needed to detect group differences in simulated driving behaviors with a medium effect 
size at 80% power and an alpha level of .05, 17 participants were recruited in the ADHD 
group and 21 participants in the healthy control group. This reduction in sample size 
occurred due to unforeseen difficulties with recruitment. 
2.8 Hypotheses and plan of analysis 
Aim 1: Examine differences in driving simulator performance on the Risky Driving 
Task between the ADHD and healthy control groups. 
Hypothesis 1: The ADHD group will demonstrate poorer performance on measures of 
speed as compared to the HC group. Specifically, they will demonstrate faster mean 
speeds, greater standard deviation of speed, and will spend greater percentage of time 
above the speed limit. 
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Hypothesis 2: The ADHD group will demonstrate poorer performance on measures of 
lane management as compared to the HC group. Specifically, they will have a greater 
standard deviation of lane deviation than the HC group. 
Hypothesis 3: The ADHD group will demonstrate poorer performance on measures of 
stopping behavior as compared to the HC group. Specifically, fewer participants with 
ADHD will come to a full stop at stop signs than HC participants. The ADHD group will 
stop closer to the stop sign and stop for less time. 
Hypothesis 4: The ADHD group will demonstrate poorer performance on measures of 
complex driving as compared to the HC group. For both the boy and ball and school bus 
scenarios, the ADHD group will have higher minimum speeds, stop closer to the hazard, 
and stop for shorter periods of time. More ADHD drivers than HC drivers will pass the 
truck on the highway. More ADHD drivers than HC drivers will crash into the car pulling 
out. 
Plan of analysis: This aim identified driving measures that differed between drivers with 
ADHD and healthy control drivers. Each hypothesis was examined using t-tests for 
independent measures for continuous measures, and chi-square tests for independence for 
categorical measures. As explained above, alpha for these analyses was set at .05. As the 
directionality of hypotheses 1 and 2 have been illustrated in prior studies, they will be 
examined with one-tailed hypotheses, while hypotheses 3 and 4 will be examined with 
two-tailed hypotheses. 
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Aim 2: Examine neuropsychological performance as a mediator of the relationship 
between ADHD symptomatology and simulated driving behaviors. 
Hypothesis 1: When gender and driving experience are taken into account, executive 
functioning, attention, processing speed and motivation will mediate the relationship 
between ADHD symptomatology and simulated driving behaviors shown to differ 
between ADHD and healthy control drivers in Aim 2. 
Plan of analysis: Raw scores rather than demographically corrected scores were used for 
performance-based neuropsychological measures, as prior literature has shown that 
demographically corrected scores are less accurate than raw scores in predicting 
performance in real-world activities with absolute cognitive demands, such as driving 
(Barrash et al., 2010; Silverberg & Millis, 2009). Specific variables extracted from each 
measure are presented in Table 3.  
 For mediation analyses, parallel multiple mediation models were used to examine 
the role of cognitive variables as mediators between group (ADHD and healthy control) 
and simulated driving behaviors. For these analyses, only driving outcome variables 
determined to differ between the ADHD group and the HC group in Aim 2 were used.  
Analyses followed procedures parallel multiple mediation analysis conducted 
using ordinary least squares path analysis outlined by Hayes (2013; Preacher and Hayes, 
2008), and was conducted using PROCESS for SPSS (Hayes, 2103; Preacher & Hayes, 
2004; 2008). First, collinearity among mediator variables (M1 – M8) was examined. 
Although the variables from neuropsychological measures have been chosen as the best 
representation of the construct of interest, the possibility of collinearity still exists. In 
order to make indirect effects more easily interpretable, if collinearity exists, only one 
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variable representing the construct of interest was chosen to enter into the mediation 
model. Next, parallel multiple mediation models were evaluated by examining indirect 
effects (ab) of each of the individual variables. The confidence interval for the indirect 
effect was generated using bootstrapping, a nonparametic resampling procedure that is 
robust to non-normality in the sampling distribution. Significance was determined if the 
95% bias-corrected confidence interval for the parameter estimate does not contain zero. 
As outlined by Hayes (2013), individual hypothesis tests for paths a and b and the direct 
effect c were not required to be significantly different from zero for the indirect effect ab 
to be stastically significant.  
Aim 3: Examine the relationship between inattention and hyperactivity/impulsivity 
symptoms and driving behaviors. 
Hypothesis 1: Greater symptoms of inattention will be related to poorer driving 
behavior. 
Hypothesis 2: Greater symptoms of hyperactivity/impulsivity will be related to poorer 
driving behavior. 
These exploratory hypotheses examined the relationship between each of the two 
symptom clusters of ADHD, as measured using the BAARS-IV, and simulated driving 
variables. To obtain a broader range of symptomatology, participants in both groups were 
combined. These hypotheses were examined using Pearson’s product-moment 
correlations. The alpha level for these analyses was set at .05. 
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3. RESULTS 
3.1 Analytical strategy 
All analyses were performed in IBM SPSS Statistics 22.0. Analyses in the current 
study include descriptive analyses, comparisons of group means and frequencies, parallel 
multiple mediation, and Pearson’s correlations. For performance-based measures of 
cognitive functioning, raw scores were used rather than demographically corrected scores 
when available, as prior literature has shown that demographically corrected scores are 
less accurate than raw scores in predicting performance in real-world activities with 
absolute cognitive demands, such as driving (Barrash et al., 2010; Silverberg & Millis, 
2009). Raw scores were not available for the CPT 3 and therefore age and gender 
corrected T scores were used. Demographically corrected scores were also used for self-
report measures of cognitive functioning (i.e., BRIEF). The distribution for each variable 
was tested for skewness and kurtosis, and several violations were found. Both square root 
and logarithmic transformation were attempted. The following variables were 
transformed using square root transformations, which resulted in normal distributions: 
Trail Making Test B; Iowa Gambling Test Net Gain; straight highway lane variability; 
curved residential lane variability and steering wheel variability; straight residential mean 
speed, speed variability, and lane variability; and construction zone lane variability. 
Several additional driving and cognitive variables remained non-normally distributed; 
therefore, the untransformed values for these variables will be used for all analyses. All 
continuous variables were examined for univariate outliers, and outliers (greater than ±3 
SD) were replaced with the value equivalent to ±3 SD. Directional hypotheses were 
tested with one-tailed tests and non-directional hypotheses were tested using two-tailed 
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tests. No corrections to alpha were used, and the criterion for statistical significance was 
set at p < .05. 
3.2 Recruitment 
Participants were recruited through flyers and advertisements at Philadelphia-area 
universities, adult ADHD specialty clinics, and local ADHD advocacy groups. Of 62 
participants screened, 48 participants met inclusion/exclusion criteria. Of the individuals 
not meeting criteria, one was a healthy control participant who met criteria on the 
BAARS-IV for a likely ADHD diagnosis, three did not have a valid U.S. driver’s license, 
and ten were taking psychotropic medication and/or had a significant mental health 
diagnosis. Ten participants met inclusion and exclusion criteria but declined to 
participate. Thirty-eight participants completed the study protocol.  
3.3 Missing data 
Thirty-seven participants completed all study procedures. One participant left the 
study visit before completing two self-report measures (BRIEF and DBQ) due to a 
scheduling conflict; partial data from this participant are included in analyses. Several 
participants made navigation errors during the RDT, such that simulated driving variables 
for certain road segments were not collected. One participant’s simulated driving data 
was partially lost due to technological error. Further analysis of navigation errors is 
presented in a later section. 
3.3 Characteristics of the sample 
ADHD (n=17) and HC (n=21) groups did not differ on mean age, mean years of 
education, and gender (see Table 4). The full sample was 76.3% Caucasian (n = 29), 
2.6% black (n = 1), 13.2% Asian (n = 5), 2.6% Hispanic (n = 1), and 5.3% mixed race (n 
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= 2). All participants were part- or full-time college students. Three participants in the 
ADHD group and one participant in the HC group reported a history of depression. Four 
participants in the ADHD group had a history of an anxiety disorder, and no participants 
in the HC group reported this diagnosis. Three participants in the ADHD group reported 
a comorbid learning disability for which they received academic accommodations, and an 
additional two participants reported receiving academic accommodations due to their 
ADHD diagnosis. No participants in the HC reported a learning disability diagnosis.  
3.3.1 ADHD symptomatology and ADHD group characteristics 
As expected, the ADHD group scored significantly higher than the HC group in 
all indices of the BAARS-IV, including total inattention, hyperactivity, and impulsivity 
symptom scores and percentiles (see Table 5). As the BAARS-IV scores are not normally 
distributed, scores at the 75th percentile and below are considered asymptomatic. On 
average, total score percentiles for the ADHD group fell in the symptomatic range on all 
three symptom dimensions, while the HC group fell in the asymptomatic range. The 
BAARS-IV also specifies that an individual is likely to meet an ADHD diagnosis if they 
score in the 93rd percentile on any inattention, hyperactivity, impulsivity, or total score 
index, report functional impairment in at least one domain (i.e., school, work, home, or 
social relationships), and report an age of onset before age 16. Of the ADHD group, 12 
participants met these criteria, while five did not. All five did not meet criteria because 
their scores fell below the 93rd percentile. 
Medical records confirmed current ADHD diagnosis for all participants in the 
ADHD group. Diagnostic subtypes were: combined (n=7), predominately inattentive 
(n=6), and predominately hyperactive/impulsive (n=2). Two participants did not have a 
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subtype specified in their medical records. Of the 17 ADHD participants, 14 reported 
current psychopharmacologic treatment for ADHD, which was stopped at least 24 hours 
prior to their study visit. Half lives of medications prescribed range from 10-13 hours 
(Vyvanse) to 3.5 hours (Ritalin, Concerta XL, and Focalin XR), indicating that a 24 hour 
washout period was appropriate (Schatzberg, Cole & DeBattista, 2010). Those prescribed 
medication reported taking it an average of 5.43 days per week (SD = 2.10). A significant 
proportion of those (n=12) reported driving off their medication at least “rarely,” with 
14.3% (n=2) driving off medication “rarely,” 28.6% (n=4) “sometimes,” 35.7% (n=5) 
“often,” and 7.1% (n=1) “always.” 
3.4 Driving history and self-reported driving behaviors 
All participants were current licensed drivers with at least one year of driving 
experience, as required by inclusion criteria. Mean driving experience was 3.59 years (SD 
= 1.88) in the ADHD group and 3.76 years in the HC group (SD = 1.86). A subset of 
participants reported driving less due to not having a car at college (44.7%; n = 17). 
Participants in the ADHD group reported receiving significantly more tickets over the 
past four years (M = 3.18, SD = 4.52) than HC participants (M = 0.67, SD = 1.02; t (36) = 
2.25, p = .038). This difference was driven by a greater number of parking tickets in the 
ADHD group (M = 2.65, SD = 4.08) than the HC group (M = 0.67, SD = 1.02), rather 
than other types of violations reported in the sample (i.e., speeding, running red lights or 
stop signs, driving without correct documentation). Accidents and license suspension 
were low frequency events and therefore group differences were not examined. On the 
Manchester DBQ, independent samples t-tests showed that ADHD participants reported 
committing significantly more slips and lapses and unintended violations than HC 
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participants. Mistakes and deliberate violations did not differ between groups (see Table 
6). 
3.5 Neuropsychological measures and self-report of executive functioning 
 Group differences in performance-based and self-report cognitive measures were 
examined using independent samples t-tests (see Table 6). Participants in the ADHD 
group took significantly longer to complete a test of cognitive flexibility (Trail Making 
Test B), were significantly less accurate on a measure of working memory (N-back test), 
and showed significantly poorer response inhibition (CPT 3 commission errors). 
Measures of processing speed (Trail Making Test A and Symbol Digit Modalities Test), 
sustained attention (CPT 3 Hit Rate SD and CPT 3 Omission Errors), and risky decision 
making (Iowa Gambling Test) did not differ between the groups. The ADHD group 
reported, on average, more difficulties with behavioral regulation and metacognition than 
did the HC group (BRIEF Behavioral Regulation Index and BRIEF Metacognition 
Index).  
3.6 Risky Driving Task 
3.6.1 Task completion 
A driver who follows the speed limit and comes to a complete stop at all stop 
signs should finish the route in approximately 810 seconds, and would be in the 
residential section at the 10-minute mark. Of 38 participants who attempted the RDT, 36 
(94.7%) successfully completed the task. Mean time to complete the RDT was 761.33 
seconds (SD = 69.58) for the ADHD group and 789.70 seconds for the HC group (SD = 
102.02), and did not differ significantly between the groups, t (33) = 0.98, p = .336. At 
the 10-minute mark, 2.6% of participants were in the highway section (n = 1), 50.0% 
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were in the residential section (n = 19), 21.1% were in the school section (n = 8), and 
23.7% were in the commercial section (n = 9). 
3.6.2 Navigation errors 
Some navigation errors during the RDT were expected. Participants committed 
errors ranging from very minor to major errors that resulted in early termination of the 
task. Driving data from all participants was included in analyses, regardless of task 
completion, in order to capture the broadest possible range of driving behaviors. To better 
understand the types of errors, they were classified into three categories: minor errors that 
were corrected in less than 1:00 of driving time (e.g., missing a turn and quickly turning 
around); major errors that were corrected in 1:00 or more of driving time (e.g., missing a 
turn and driving for several minutes before correcting the error); and major errors that 
results in not completing the full task (e.g., making a wrong turn and driving off the 
simulated environment). Of all participants (N = 38), 21.0% made some kind of 
navigation error (n = 8). Three HC participants made errors, all of which were minor. 
Five ADHD participants made errors: minor errors (n = 1), major errors (n = 2), and 
errors that resulted in early termination of the task (n = 2). 
3.6.3 Post-session questionnaire 
Participants were administered a post-session questionnaire to obtain information 
about the value of the $10 reward, their effort on the task, and their appraisal of their own 
driving during the task. Group means did not differ significantly for any post-session 
questionnaire items (see Table 6).  
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Aim 1: Examine differences in driving simulator performance on the Risky Driving 
Task between the ADHD and healthy control groups. 
3.7 Aim 1, hypothesis 1: group differences in speed  
Independent measures t-tests were used to determine if ADHD and HC groups 
differed on measures of average speed and speed variability in the four pre-determined 
segments. In the curved residential segment, the ADHD group average speed was 
significantly greater than that of the HC group, t(33) = -2.52, p = .017. No differences in 
average speed or speed variability were found in the remaining three segments (see Table 
7). 
3.8 Aim 1, hypothesis 2: group differences in lane management 
 Using the same four road segments identified in the previous section, t-tests for 
independent measures were used to evaluate group differences in lane position variability 
and steering variability. The ADHD group’s lane position was significantly more 
variable, on average, in a straight highway segment that that of the HC group, t(36) = -
2.40, p = .044.  No differences in lane position variability or steering variability were 
found in the remaining three segments (see Table 7). 
3.9 Aim 1, hypothesis 3: group differences in stopping behaviors 
 Stopping was dichotomized into a yes/no variable, in which speed below 0.1 mph 
was counted as a stop, and frequencies were analyzed using chi-square tests of 
independence. The relationship between stopping at residential stop 1 and group was 
significant, as participants with ADHD were significantly less likely to stop than those 
without the disorder, χ2 (1, N=38) = 5.22, .022. No other group differences in stopping 
frequencies were found (see Table 8).  
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Stop wait time and distance from the stop line at the lowest speed were analyzed 
using t-tests for independent measures. As a large number of participants did not stop at 
the rural stop, residential stop 1, and residential stop 2, wait time was not analyzed for 
these variables. It was hypothesized that participants in the ADHD group would have 
shorter wait times, on average, than those in the HC group; however, participants with 
ADHD waited for a significantly longer amount of time than those in the HC group, t(36) 
= -2.07, p = .046. No other significant differences were found between groups for 
distance from the stop line at the lowest speed (see Table 8).  
3.10 Aim 1, hypothesis 4: group differences in complex driving scenarios 
Independent measures t-tests were used to determine if minimum speed, stopping 
distance, and time stopped at the boy/ball and school bus scenarios differed between the 
ADHD and HC groups. No differences between the ADHD group and the HC group were 
seen for any boy/ball and school bus variables (see Table 9). When stopping during these 
tasks was dichotomized, no significant differences in stopping frequency were found 
between the two groups (see Table 9). 
Differences in truck following task performance were not formally examined, as 
nearly all participants passed the truck (n = 37).  
In the car pull out scenario, driving behaviors observed were not easily 
dichotomized into those who hit the car and those who did not. To better capture driving 
behavior on this task, three continuous variables were analyzed using independent 
samples t-tests: closest distance to the car pulling out, distance swerved out of lane, and 
distance from the car pulling out at first braking. No significant differences between the 
groups were seen for any of the three variables (see Table 9). 
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Finally, independent samples t-tests were used to examine group differences in a 
segment of road construction with a reduced speed limit in the highway zone. Variables 
used from this segment are that same as those used for other pre-selected road segments: 
average speed, speed variability, lane position variability, and steering variability. The 
ADHD group’s lane position was significantly more variable, on average, in the 
construction zone segment than that of the HC group, t(36) = -1.99, p = .032.  No 
differences in average speed, speed variability, lane position variability, or steering 
variability were found (see Table 9). 
Aim 2: Examine neuropsychological performance as a mediator of the relationship 
between ADHD symptomatology and simulated driving behaviors. 
Continuous driving outcome variables found to differ between the ADHD group 
and the HC group in Aim 2 were used as dependent variables in parallel multiple 
mediation models. these variables were: curved residential average speed (Model 1), 
straight highway lane position variability (Model 2), commercial stop light wait time 
(Model 3), and construction zone lane variability (Model 4). In order to reduce 
collinearity and increase ease of interpretation, only one neuropsychological variable 
representing the construct of interest was chosen to enter into the mediation models. 
Processing speed was measured using the SDMT, as this measure has previously been 
found to be related to measures of risky driving behavior (Graefe & Schultheis, 2013). 
Working memory was measured using the ratio of hits minus false positives over blocks 
of the task from the n-back task, as this outcome measure was used during the 
development of the task (Jaeggi et al., 2010). Sustained attention was measured using the 
age- and gender-corrected T score for the standard deviation of the hit rate on the CPT 3, 
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as this is thought to be a more sensitive measure of sustained attention than omission 
errors (Mowinckel et al., 2014). Measures of cognitive flexibility (Trail Making Test B), 
response inhibition (CPT 3 Commission Errors), and risky decision making (Iowa 
Gambling Task Net Gain) were entered into the model as originally proposed. 
3.11 Aim 2, hypothesis 1: mediators of ADHD diagnosis and simulated driving 
behaviors 
 Model 1. In a parallel multiple mediation analysis conducted using ordinary least 
squares path analysis, when controlling for gender and driving experience, ADHD 
diagnosis did not indirectly influence average speed in a curved residential segment 
through any of the mediator variables entered into the model. As can be seen in Figure 5 
and Table 10, once gender and driving experience were controlled, ADHD diagnosis was 
not directly related to average speed. 
Model 2. When controlling for gender and driving experience, ADHD diagnosis 
indirectly influenced variability in lane position on a straight highway segment through 
its effect on sustained attention. As can be seen in Figure 6 and Table 11, participants 
diagnosed with ADHD had significantly poorer sustained attention than those without the 
diagnosis (a6 =6.96). Those with poorer sustained attention had significantly more 
variability in lane position (b6 =0.11). A bias corrected bootstrap interval for the indirect 
effect (a6b6 =0.79) based on 10,000 bootstrap samples was entirely above zero (0.0-1.80). 
ADHD diagnosis significantly influenced lane variability independent of its effect on 
sustained attention (c’=1.82). 
Model 3. In a parallel multiple mediation analysis conducted using ordinary least 
squares path analysis, when controlling for gender and driving experience, ADHD 
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diagnosis did not indirectly influence time stopped at a commercial stop light through any 
of the mediator variables entered into the model. As can be seen in Figure 7 and Table 
12, once gender and driving experience were controlled, ADHD diagnosis was not 
directly related to time stopped. 
Model 4. When controlling for gender and driving experience, ADHD diagnosis 
indirectly influenced variability in lane position on a segment of highway construction 
through its effect on working memory. As can be seen in Figure 8 and Table 13, 
participants diagnosed with ADHD had significantly poorer working memory than those 
without the diagnosis (a3 =-0.54). Those with poorer working memory had significantly 
more variability in lane position (b3 =-0.22). A bias corrected bootstrap interval for the 
indirect effect (a3b3=0.12) based on 10,000 bootstrap samples was entirely above zero 
(0.002-0.33). ADHD diagnosis did not influence lane variability independent of its effect 
on working memory (c’=0.27). 
Aim 3: Examine the relationship between inattention and hyperactivity/impulsivity 
symptoms and driving behaviors. 
3.12 Aim 3, hypothesis 1: relationship between inattention symptoms and simulated 
driving behaviors 
Pearson’s correlations showed that greater symptoms of inattention across the full 
sample were significantly correlated with greater variability in speed in the straight 
residential segment (r = .38, p = .028), longer wait time at a commercial stop light (r = 
.34, p = .043), and not stopping at residential stop sign 1 (r = -.51, p = .001). No other 
significant relationships were found between symptoms of inattention and simulated 
driving variables (see Table 14). 
 45 
3.13 Aim 3, hypothesis 2: relationship between hyperactivity/impulsivity symptoms 
and simulated driving behaviors 
Pearson’s correlations showed that greater symptoms of hyperactivity and 
impulsivity across the full sample were significantly correlated with faster speeds in the 
curved residential segment (r = .42, p = .014) and not stopping at residential stop sign 1 
(r = -.33, p = .041). No other significant relationships were found between symptoms of 
hyperactivity/impulsivity and simulated driving variables (see Table 14). 
3.14 Supplementary analyses: effect of time elapsed in the RDT on commercial wait 
time 
  Wait time at the commercial stop light differed significantly between ADHD and 
HC groups, but this relationship was in the opposite direction of hypothesized results. 
Follow up analyses were conducted to better understand the relationship between group 
and stop light behavior. Participants were given ten minutes to complete the RDT, 
therefore it was hypothesized that participants’ driving behavior might change once they 
were aware that they would not be able to finish the route within 10 minutes and receive 
the $10 reward. Across the full sample, 23.7% (n = 9; ADHD n = 3, HC n = 6) of 
participants had not reached the ten minute time limit when they approached the 
commercial stop light. When mean wait times for those who had not reached the time 
limit (M = 14.65, SD = 3.87) were compared to those who had already passed the time 
limit (M = 14.53, SD = 2.97), they did not differ significantly, t(34)=0.10, p = .919. 
3.15 Supplementary analyses: self-reported driving behaviors  
As prior studies have used self-reported current driving behaviors to investigate 
driving outcomes in adults with ADHD, additional analyses were completed to replicate 
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and expand upon these prior studies. Continuous self-reported driving behaviors found to 
differ between the ADHD group and the HC group in preliminary descriptive analyses 
were used as dependent variables in parallel multiple mediation models. These variables 
were: DBQ unintended violations (Model 5) and DBQ slips and lapses (Model 6). These 
models used the same model structure as those in Aim 2. 
Model 5. ADHD diagnosis indirectly influenced self-reported unintended 
violations through its effect on self-reported behavioral regulation. As can be seen in 
Figure 9 and Table 15, participants diagnosed with ADHD reported significantly more 
difficulties with behavioral regulation than those without the diagnosis (a7=13.14), and 
those with more difficulty with behavioral regulation reported greater frequency of 
unintended violations while driving (b7=0.11). A bias corrected bootstrap interval for the 
indirect effect (a7b7 =1.39) based on 10,000 bootstrap samples was entirely above zero 
(0.16-3.03). There was no evidence that ADHD diagnosis influenced driving unintended 
violations independent of its effect on behavioral regulation difficulties. 
Model 6. ADHD diagnosis indirectly influenced self-reported driving slips and 
lapses through its effect on self-reported metacognitive abilities. As can be seen in Figure 
10 and Table 16, participants diagnosed with ADHD reported significantly more 
difficulties with metacognitive abilities than those without the diagnosis (a8=18.33), and 
those with more difficulty with metacognition reported greater frequency of slips and 
lapses while driving (b8=0.68). A bias corrected bootstrap interval for the indirect effect 
(a8b8=12.52) based on 10,000 bootstrap samples was entirely above zero (2.00-29.82). 
There was no evidence that ADHD diagnosis influenced driving slips and lapses 
independent of its effect on metacognition. 
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4. DISCUSSION 
The current study sought to examine differences in driving behavior between 
young adults with ADHD and healthy control young adults using a challenging simulated 
driving task, and to investigate neuropsychological performance as a mediator of these 
driving behaviors. Results showed that drivers with ADHD differed from HC drivers on 
measures of lane position variability, stopping behavior, and average speed. 
Neuropsychological measures of sustained attention and working memory mediated the 
relationship between ADHD diagnosis and lane variability. Exploratory analyses showed 
several significant relationships between attention and hyperactivity/impulsivity 
symptoms and simulated driving behaviors.  
4.1 Simulated driving behaviors and cognition 
The use of a challenging driving task, the Risky Driving Task, to measure driving 
behaviors is a unique contribution of the present study, and understanding the demands of 
the task are integral to interpretation of results. The manipulation applied in the RDT 
aimed to access the highest, strategic level of the driving hierarchy, increasing the 
cognitive load of simulated driving in a way that is ecologically valid. The task was 
designed to put drivers in situations in which they might be tempted to commit risky 
driving behaviors (e.g., speeding, running lights and stop signs, and not stopping for 
hazards), as previous studies have found increased rates of speeding tickets and violations 
in drivers with ADHD as compared with the general population (Thompson et al., 2007; 
Weiss et al., 1979; Barkley et al., 1993; Fischer et al., 2007). In the task, participants are 
given a time limit of 10 minutes to complete the route; however, in order to apply time 
pressure to the participants, the RDT route cannot be completed within the time limit 
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given, and therefore participants continue driving after they reach the time limit and 
know that they will not receive the full reward. In addition, the task contains several 
different driving environments and driving challenge scenarios. Participants also 
completed the task independently and therefore were navigating as well as driving. Thus, 
participants may change their driving behavior over the course of the task due to 
likelihood of receiving the reward, driving environment, and navigation burden.  
Results showed significant differences between the ADHD and HC groups in lane 
variability on two of the five road segments examined, the straight highway segment and 
the construction zone in the highway environment. When lane variability in the straight 
highway segment was entered into a mediation model, sustained attention mediated the 
relationship between ADHD diagnosis and lane variability. The straight highway 
segment chosen for analysis in the present study begins at the transition from two-lane 
rural environment to the four-lane divided highway environment, requiring participants to 
attend to changes in both lane width as well as road signs and markings (e.g., speed limit 
signs). The road segment that precedes it is relatively low cognitive demand, with little 
traffic and few curves, and the segment is early on in the RDT drive. Thus, it is possible 
that, over the course of the task, the highest demand on sustained attention might be 
placed at the beginning of the task. Within this context, results suggest that poorer 
sustained attention is a causal factor in ADHD participants’ decreased ability to properly 
adjust their driving behavior as the driving environment changes after a monotonous 
driving section. 
Groups also differed in their lane variability in a construction zone that requires 
both changing lanes and decreasing speed from 55 mph to 30 mph. A mediation model 
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showed that working memory mediated the relationship between ADHD diagnosis and 
lane position in this segment. Speed did not differ between the groups, suggesting that 
although both groups of drivers similarly moderated their speed to avoid violating the 
“rules of the road,” the ADHD group’s behavior was nevertheless affected by the change 
in driving demands. Drivers with ADHD, therefore, were able to moderate their speed but 
were more variable in their lane, and decreased capacity to manage multiple simultaneous 
demands (i.e., working memory) underlies these group differences. 
Increased variability in lane position is one of the most consistent findings across 
previous driving simulator studies. Results suggests that variability in lane position may 
be particularly sensitive to differences in driving behavior between individuals with 
ADHD and those without ADHD, and that this may be due to its reliance on sustained 
attention and executive functioning, two deficits found to be central to ADHD (Sonuga-
Barke et al., 2010). Importantly, when applied to the hierarchy of driving behaviors, lane 
position is a lower, operational level behavior that can be altered by various higher-level 
factors. In the present study, the circumstances of the RDT might have caused alterations 
at the strategic level resulting in increased lane variability, while other higher level 
driving factors might have resulted in similarly compromised lane variability in other 
studies. 
When stopping behavior was examined, fewer participants with ADHD stopped at 
residential stop sign 1, and participants with ADHD stopped for longer time at a 
commercial stoplight. The behavioral demands of stop signs and stop lights are quite 
different, in that it is possible to complete a “rolling stop” at a stop sign while still 
executing a safe turn. Stoplights, on the other hand, require coming to a full stop and 
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waiting in order to not commit an overtly risky action (i.e., running a red light). This 
interpretation is consistent with that of participants’ behaviors in the construction zone, in 
which they seemed to adjust their behavior so that it is not violating driving regulations, 
yet remained compromised when compared to HC drivers. None of the cognitive 
variables mediated the relationship between diagnosis and stop light behavior. As the 
commercial stop light is located towards the end of the RDT, additional analyses were 
conducted to determine whether differences in wait time between groups reflected 
whether the participants approached the stop light before (i.e., when they are attempting 
to complete the route quickly) or after the 10-minute mark. When participants were 
divided into two groups based on the time that they approached the stop light, those who 
approached the stop light before the 10 minute time limit did not differ from those who 
reached the stop light after the 10 minutes, suggesting that time elapsed did not affect 
group differences in stop light wait time. However, it is possible that there is an 
interaction between ADHD diagnosis and one of the neuropsychological variables that 
might better account for the group differences. 
Participants in the ADHD group drove faster in a residential curved section than 
those in the HC group; however, no cognitive mediators of this relationship were seen, 
nor were other differences found in average speed or speed variability between the 
groups. This finding was unexpected, as previous research using the RDT found that 
participants increased their speeds during this task, and that faster processing speed and 
poorer performance on a measure of risky decision making was associated with greater 
speeds in the residential section. Of note, group differences in speed were not previously 
found in any prior studies comparing ADHD and HC drivers on simulated driving, 
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although several studies have found increased rates of speeding tickets and violations in 
drivers with ADHD (Thompson, Molina, Pelham, & Gnagy, 2007; Weiss et al., 1979; 
Barkley et al., 1993; Fischer et al., 2007). Similarly, no differences were found between 
groups on challenging driving scenarios, including a boy chasing a ball into the street, a 
school bus unloading students, and a car unexpectedly pulling out of a parking spot. A 
medium to large effect size was found for time stopped for the school bus, but this 
difference was not statistically significant, suggesting that the study was not adequately 
powered to detect this difference. Again, in the context of the RDT, this finding suggests 
that the ability to limit overtly risky behaviors, such as speeding or collisions, did not 
differ between groups. 
The present study chose a battery of neuropsychological and self-report measures 
of cognitive functioning that includes a broader range of cognitive domains than those 
assessed in previous studies. Specifically, a measure of risky decision making was 
included to better account for multiple pathway models of ADHD (de Zeeuw et al., 2012; 
Sonuga-Barke et al., 2010; Baroni & Castellanos, 2015). Risky decision making was not 
a mediator in any of the models tested, suggesting that, although it might be related to 
negative driving outcomes in other samples, including previous research using the RDT, 
it is not a mechanism by which driving behaviors can be differentiated by diagnostic 
group. Similarly, processing speed was not a significant mediator, suggesting that this 
basic cognitive process, although required for safe driving, does not account for the 
relationship between ADHD diagnosis and any driving behaviors. Thus, results provide 
additional evidence for indirect effects of ADHD diagnosis on driving simulator outcome 
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variables through attention and executive functioning, but no support for similar 
relationships with risky decision making. 
More broadly, the results of the mediation models are consistent with the utility of 
cognitive domains of attention and executive functioning as a causal mechanism for 
differences in driving behaviors between ADHD and HC groups. Only one prior study 
has examined cognitive constructs as a mediator between ADHD symptomatology and 
driving (Barkley et al., 2002), with findings indicating that inhibition (comprised of CPT 
hit reaction time and CPT commission errors) and response inhibition (comprised of 
Stroop-Color Word Test Interference and Digit Span total score) mediated the 
relationship between ADHD severity and self-reported accidents and traffic violations, 
respectively. Notably, Barkley and colleagues employed a more conservative test of 
mediation requiring multiple stepwise regressions, rather than a single hypothesis test of 
the indirect effect. Use of multiple regressions ultimately increases the chances of Type II 
error in detecting the indirect effect (Hayes, 2013). They also used a simplified driving 
simulator, which they hypothesized might not be sensitive enough to detect group 
differences in driving behavior. The present study addresses both statistical and 
methodological shortcomings of this prior research, directly contributing to its ability to 
detect both differences in simulated driving behavior and cognitive contributors to these 
behaviors. 
4.2 Inattention and hyperactivity/impulsivity symptoms and simulated driving 
behavior 
Exploratory analyses were conducted to examine the relationship between 
symptoms of inattention, hyperactivity, and impulsivity and driving behaviors. Results 
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partially support the differentiation made in previous literature between “inattentive” and 
“impulsive” driving behaviors, in which deliberately risky behaviors (e.g., faster speeds) 
are associated with impulsivity, while inattentive symptoms are related to inadequate 
surveillance (e.g., failing to scan at intersections; Dahlen et al., 2005; Kass, Beede, & 
Vodanovich, 2010). Longer commercial wait time was moderately associated with 
greater inattention symptoms. Greater speed in the straight residential segment was 
associated with greater inattention symptoms, while greater average speed in the curved 
residential segment was associated with hyperactivity/impulsivity symptoms. This 
finding suggests that speed is not uniformly an “impulsive” behavior, but rather is related 
to the environmental demands (e.g., not slowing down on a curve). Not stopping at 
residential stop sign 1 was correlated both with higher inattention scores and higher 
hyperactivity/impulsivity scores. In contrast, lane deviation was found to differ between 
the groups, but only small correlations were found between the two symptom dimensions 
and lane deviation in straight highway and highway construction segments. These results 
should be interpreted cautiously, however, as self-report of symptoms may be biased in 
individuals with ADHD whose symptoms are well controlled on medication because 
these participants’ symptom reports may underestimate their impairments while 
unmedicated. 
4.3 Self-report driving behaviors and cognition 
On a self-report measure of current driving behaviors, participants with ADHD 
had higher scores on two of the four subscales, slips and lapses and unintentional 
violations. Results are consistent with previous studies using the DBQ, which have found 
significant differences between ADHD and control groups (Fried et al., 2006; Reimer et 
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al., 2005; Biederman et al., 2001; Rosenbloom & Wultz, 2011). To more thoroughly 
compare the results of the present study with those of prior studies, supplemental parallel 
mediation models were conducted using self-reported driving behaviors that differed 
between the groups as dependent variables. BRIEF behavioral regulation and 
metacognition index scores emerged as significant mediators in the relationship between 
diagnosis and self-reported driving behaviors. These results are in line with with Barkley 
and Murphy’s (2011) finding that self-reported executive functioning was related to self-
reported driving outcomes and DMV driving records.  
Although the BRIEF mediated the relationship between ADHD diagnosis and 
self-reported driving behaviors, it did not mediate the relationship between diagnosis and 
any of the simulated driving behaviors. This finding supports assertions of researchers 
that self-report measures of executive functioning capture different constructs than 
performance-based neuropsychological measures. Barkley and colleagues (2002) 
suggested that behavioral ratings of executive functioning might be more related to 
driving outcomes given their ability to sample behavior over a longer period of time than 
performance-based measures.  
Despite the potential benefit of capturing a larger temporal window of behavior, 
self-report measures have some limitations in ADHD populations. Specifically, 
individuals with ADHD tend to show a positive illusory bias in which they overestimate 
competence because they rate themselves as similar to their peers, despite performing 
objectively worse (Hoza, Pelham, Dobbs, Owens, & Pillow, 2002). This result has been 
replicated in drivers with ADHD, who overestimate their driving abilities to a greater 
degree than control participants on self-report measures (Knouse, Bagwell, Barkley, and 
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Murphy, 2005). Longitudinal methods of collecting data on a large sample of driving 
behavior would provide a similar sample of behavior without this bias, and may also be 
helpful when examined in conjunction with simulator data to provide multiple samples of 
driving behaviors. 
4.4 Summary 
In contrast with previous simulator studies, the simulator paradigm used in the 
present study was designed to tax all levels of driving performance in order to obtain a 
more comprehensive picture of the relationship between cognitive functioning and 
driving behaviors. Through use of this task, working memory and sustained attention 
were found to be causal mechanisms accounting for differences in lane variability 
between young adults with ADHD and young adults without the disorder. When these 
findings are related to Michon’s hierarchy, they align best with the operational and 
tactical levels. Within the hierarchy, the behaviors at each level are interrelated and 
operate concurrently, such that impairments at the higher levels may only be detected by 
measuring the lower level. Therefore, the addition of the manipulation used in the RDT 
may have altered the third and highest level, and the results are seen through changes in 
operational and strategic level driving behaviors detected in the present study. Moreover, 
although measures of cognitive domains posited to be related to the strategic level, such 
as metacognition, were not mediators in the models tested, this does not preclude 
alterations in other higher-level processes such as driving goals, insight into driving 
competence, and planning/navigational abilities. Indeed, increased complexity of the 
RDT as compared to previous simulator studies with ADHD populations may have added 
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to the cognitive demands of driving, allowing for better detection of the relationships 
between neuropsychological measures and driving variables. 
Although ADHD participants successfully moderated certain driving behaviors 
during the task in a manner similar to HC drivers, including avoiding overtly risky 
driving behaviors such as collisions, scrapes, or running red lights, their driving behavior 
was nevertheless compromised on measures of lane variability, stopping, and speed. 
Moreover, correlations between driving variables and symptom dimensions did not 
clearly identify large groups of driving behaviors as “inattentive” or “hyperactive/ 
impulsive” driving behaviors. Additionally, risky decision making, a construct previously 
found to be related to traffic offenses, was not a mediator in any models tested. These 
results are surprising, given the increased rates of traffic citations and driving without a 
license in drivers with ADHD as compared with the general population (Thompson et al., 
2007; Weiss et al., 1979; Barkley et al., 1993; Fischer et al., 2007), as well as the 
manipulation used in the RDT. 
Of course, is it likely that the relationship between broad categories of behaviors, 
neuropsychological functioning, and environmental demands are somewhat more 
complex than modeled in the present study. It is also possible the manipulation of the task 
(i.e., time pressure, navigation, risk and reward) might have had an activating effect, such 
that participants with ADHD became focused on certain aspects of driving, for example 
avoidance of overt errors and adherence to the rules of the task, while compromising 
other behaviors. This explanation would be consistent with prior research showing that 
young adult participants with ADHD performed better on a global measure of simulated 
driving when driving with a manual transmission virtual car than with an automatic 
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virtual car (Cox et al., 2006). Study authors theorized that the additional cognitive load of 
manual transmission functioned to make drivers with ADHD more attentive to the certain 
aspects of driving, and thus became less likely to make errors. 
In summary, the present study adds to the current research by not only identifying 
cognitive mediators between ADHD diagnosis and driving behaviors, but also in 
beginning to identify specific driving contexts in which these mediators function. This 
perspective on functional behavior is essential for designing effective interventions based 
on both individual neuropsychological weaknesses and impairments as well as on the 
driving situations and behaviors most affected by these impairments.  
4.5 Clinical implications 
 Participants in the present study were college students, with above average IQ 
scores, and therefore are generally a high functioning group. Despite significant group 
differences in neuropsychological performance, ADHD group means on 
neuropsychological instruments did not approach the clinically impaired range on 
measures for which normative data were available. To better quantify the range of 
cognitive functioning captured in the sample, neuropsychological measures were 
dichotomized into impaired (-1.5 SD below the mean on Trail Making Tests A and B, 
SDMT; ≥ T = 60 on the CPT) or intact scores and examined by group. Eight participants 
in the ADHD group showed clinically impaired scores on at least one measure, and three 
participants showed impaired scores on two or more measures. In the HC group, three 
participants were impaired on one measure, and one participant was impaired on two or 
more measures. Thus, group differences in these measures were both statistically 
significant, and reflect some degree of clinical impairment in the ADHD group. 
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Given these results, in a clinical setting, patients with ADHD and documented 
impairments in working memory or sustained attention would be well advised to 
minimize distractions while driving, including cell phones and passengers, and to give 
themselves adequate time to drive to unfamiliar destinations so that they are not pressed 
for time. Despite results of previous research, the present study suggests that deliberately 
risky or aggressive behaviors are not the most problematic for young adult drivers with 
ADHD, but rather weaving in the lane, not stopping fully at stop signs, unintentionally 
violating driving regulations, and making small inattentive errors are the most common 
problems. 
There is a growing body of research suggesting that driving performance 
improves with stimulant medication (e.g. Biederman et al., 2012; Kay et al., 2009). In the 
present study, of participants in the ADHD group who are prescribed medication for 
ADHD, 71.4% reported driving off their medication at least “sometimes,” indicating that 
even individuals who benefit from medication in other functional areas do not necessarily 
take it when driving. Therefore, prescribing physicians should ask about driving 
behaviors in order to make sure that individuals are taking a therapeutic dose while on the 
road. 
4.6 Limitations 
A primary limitation to the present study is the small sample size. Although the 
sample size in the present study is comparable with that the majority of the other studies 
examining driving behaviors in individuals with ADHD, it likely limited our ability to 
find between group differences in simulated driving measures using independent samples 
t-tests. Mediation models remain powerful with even smaller sample sizes and non-
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normal distributions. Nevertheless, mediation models were constructed using driving 
variables that differed between the groups, and therefore indirect effects might have been 
missed. Moreover, statisticians now agree that a significant correlation between X and Y 
is not a prerequisite for a significant indirect effect (Hayes, 2013), adding to speculation 
that some indirect effects might not have been tested and therefore were not detected. 
The ADHD sample recruited in the present study might not generalize to the 
population of young adults with ADHD. As described previously, the present study was 
comprised entirely of college students, and both ADHD and HC groups scored above the 
mean on a measure of intellectual functioning, suggesting the both the overall sample and 
the ADHD group specifically were quite high functioning. Thus, results may not extend 
to the broader population of young adults with ADHD, such as those with lower IQ and 
levels of educational attainment. Additionally, four participants in the ADHD group were 
not currently prescribed pharmacological treatment for their ADHD symptoms. While 
these participants might have developed behavioral strategies to compensate for ADHD-
related functional deficits, their symptoms might also be milder in severity. However, of 
the five participants who did not meet criteria for being likely to have a diagnosis of 
ADHD on the BAARS-IV, only one was not currently prescribed ADHD medication, 
suggesting that this is not necessarily the case. 
Finally, the mediation models used in the present study may assume a causal 
relationship among variables of X Æ M Æ Y. Within this model, ADHD diagnosis 
causes changes in neuropsychological functioning; however, neuropsychological 
constructs are now being researched as underpinning the behaviors that lead to an ADHD 
diagnosis, suggesting an alternative causal direction. The mediation model evaluated in 
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the present study may best be thought of as one piece of a complex larger model of the 
etiology and functional impairments in ADHD, and does not preclude the addition of 
additional independent or mediator variables. Although a certain neurocognitive profile 
might lead to ADHD diagnosis, cognitive demands of complex functional tasks, such as 
driving, may only partially overlap with this profile. Specifying which of these cognitive 
abilities underpin deficits in functional abilities in ADHD provides evidence for 
interventions that can be applied broadly to an existing diagnostic group. Nevertheless, 
alternative or additional causal relationships are possible and should be the target of 
additional research. 
4.7 Future directions 
The RDT appears to have utility in creating an ecologically valid driving scenario 
in which driving behaviors that differ between clinical and healthy control groups can be 
detected. Further testing of the task is needed to better understand its validity with respect 
to on-road driving. Additionally, the RDT might serve to increase arousal and therefore 
attention in some participants with ADHD and within some driving scenarios. Obtaining 
psychophysiological or analog self-report measures of arousal would be helpful in testing 
this hypothesis. Finally, employing a similar design across multiple clinical populations 
would allow us to differentiate whether the same cognitive domains functions as causal 
mechanisms across multiple clinical populations, or if they are unique to ADHD. 
Currently, research on ADHD is moving towards multiple pathway models of the 
disorder, allowing researchers to better account for heterogeneous cognitive and 
behavioral endophenotypes. In addition to cognitive domains tested in this study, 
emerging research suggests that variability in reaction time, timing-related dysfunction, 
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and emotional dysregulation play a part in ADHD (Baroni & Castellanos, 2015). While 
researchers are searching for biological substrates that underpin these domains, 
translational research is needed to understand the relationship of these cognitive 
constructs with functional abilities and to then pursue new intervention techniques. 
Multiple pathway models also provide the opportunity for cross-cutting research across 
psychiatric or neurological populations. Within driving research, identifying cognitive 
mechanisms and corresponding driving behaviors across clinical populations (e.g., 
ADHD and TBI) could lead to common intervention techniques. This idea is particularly 
important with the advent of new technologies that might be expensive to develop, but 
able to be adapted to work with the needs of both clinical and nonclinical populations. 
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Table 1. Prior studies using driving simulation to compare driving behavior between adults with and without ADHD 
 
Study Sample  ADHD diagnostic 
criteria 
Driving simulation measures assessed Results 
Citation 1) # ADHD, # non-
ADHD 
2) referral source for 
ADHD and non-ADHD 
3) Mean age (SD) 
Diagnostic criteria 
used 
 
Driving simulation system; outcome 
variables  
 
Barkley, 
Murphy, & 
Kwasnik, 
1996 
1) 25 ADHD, 23 non-
ADHD  
2) Community sample 
3) ADHD: 22.5 (4.0), 
control: 22.0 (4.0) 
DSM-IV criteria 
 
Elemental Driving Simulator – three 
courses with progressing difficulty 
• Crashes and scrapes 
• Steering control  
• Reaction time to target signals 
appearing on the screen 
• Reaction time to targets signals 
appearing to right and left of the 
screen 
Drivers with ADHD showed: 
• More crashes and scrapes in the 
first trial 
• Poorer steering control 
• Passed fewer tests overall (based 
on driving summary scores) 
Barkley, 
Murphy, 
DuPaul, & 
Bush, 2002 
1) 105 ADHD, 64 
Community Control 
2) ADHD: referral to 
clinic specializing in 
ADHD at medical 
school; CC: ads in 
regional newspaper 
3) ADHD: 21.1 (2.7), 
CC: 21.2 (2.4) 
 
DSM-IV criteria + 
judgment of expert 
clinician 
 
Elemental Driving Simulator – same as 
above measures, with addition of: 
• Self-appraisal – rating of ability in 
above areas before each trial 
No group differences in simulated 
driving measures 
Biederman et 
al., 2007 
1) ADHD: 21; controls: 
21 
2) clinical referrals to 
DSM-IV criteria, 
chronic course from 
childhood to 
High fidelity simulator with STISEM 
software; training, high-stimulus driving, 
low-stimulus driving 
• In low-stimulus driving, ADHD 
subjects significantly more likely 
than controls to collide with 
 72 
an adult ADHD 
program at a major 
medical center, ads in 
local media 
3) ADHD: 32.0 (8.0), 
control: 27.2 (7.5) 
adulthood, moderate-
severe level of 
impairment attributed 
to ADHD sx 
 
Driving simulator variables: 
• Maximum velocity relative to posted 
speed limit 
• Variability of lane position 
• Reaction time – time from the start 
of any sudden movement of the 
steering wheel or any depression of 
the brake pedal 
• Rate of stopping before a traffic light 
or stop sign 
obstacle that appears suddenly 
No significant differences found 
between groups for any other driving 
variables 
Fischer, 
Barkley, 
Smallish, & 
Fletcher, 
2007 
1) Hyperactive: 147; 
community control: 71 
2) Community sample 
3) Not reported 
Sample diagnosed as 
hyperactive as 
children in late 1980s; 
likely ADHD dx based 
on DSM-III-TR criteria 
in all as children 
Simulated driving: Driving Advisement 
System (DAS) 
• Self-appraisal: self-rating before 
beginning drive on 8 dimensions 
• On the road – pursuit tracking: 
steering wheel controls block 
representing car as drives through 
maze representing roadway 
• BRAKE – simple reaction time: 
release gas and step on brake when 
“B” appears on screen.  
• DECIDE – choice reaction time: same 
as above but stimuli also include “H” 
(horn), participant is supposed to 
release gas and press right pedal 
• INHIBIT – reversing choice reaction 
time: same as above but on half of 
trials “pedals reversed” sign appears 
on screen meaning participants 
should reverse pedals to be pressed. 
Hyperactive group as compared to 
control group showed: 
• Self-appraisal: lower ratings  
• On the road – pursuit tracking: 
more scrapes and crashes, greater 
lane deviation variability 
• BRAKE – simple reaction time: 
greater reaction time 
• DECIDE – choice reaction time: 
greater RT 
• INHIBIT – reversing choice reaction 
time: greater reaction time, higher 
RT SD 
 
 
Weafer, 
Camarillo, 
Fillmore, 
Milich, & 
1) ADHD: 15; control: 
23 
2) ADHD: ads seeking 
those with ADHD; 
1) CAARS-L, ADD/H 
self-report scale-short 
form, ADHD symptom 
checklist; confirmation 
STISIM driving simulator – 20 minute 
drive through winding road; training of 2 
minutes warm up drive and two approx. 
20 minute driving sessions 
Compared with sober controls, but not 
with intoxicated controls, ADHD group 
showed: 
• Greater within-lane deviation 
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Marczinksi, 
2008 
(Experiment 
1) 
control: not specified 
3) ADHD: 21.5 (1.5); 
control: 22.0 (1.7) 
by clinical psychologist • Deviation of lane position 
• Steering rate  
• Driving speed variation  
• Number of off road crashes/impacts 
involving other vehicles 
• Faster rate of steering 
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Table 2. Assessment measures 
Measure Domain Variable 
Direction for 
poorer 
performance 
Demographic and screening measures  
Barkley Adult ADHD 
Rating Scale – IV 
ADHD symptomatology Total score (T score) + more 
symptoms 
Demographics 
questionnaire 
Age, gender, employment status, 
education, medical history  
N/A N/A 
Driving history Driving experience, current driving 
frequency, self-reported history of 
accidents, tickets, violations 
N/A N/A 
Manchester Driver 
Behavior 
Questionnaire 
Self-report of driving errors, lapses, 
and violations 
Total score for: 
Errors 
Lapses 
Violations 
 
+ 
+ 
+ 
Neuropsychological measures  
Wechsler 
Abbreviated Scale of 
Intelligence – Second 
Edition 
Baseline IQ measure Standard score - 
Symbol Digit 
Modalities Test 
Processing speed Total correct - 
Trail Making Test A  Processing speed Time to complete + 
Trail Making Test B Cognitive flexibility Time to complete + 
N back Test Working memory % correct responses 
RT of correct 
responses 
- 
+ 
Continuous 
Performance Test 
Response inhibition (RI)  
Sustained attention (SA) 
RI: Commission errors 
SA: SD of reaction 
time 
Omission errors 
+ 
 
+ 
 
+ 
Iowa Gambling Test Risky decision making Net gain - 
Self-report of executive functioning  
Behavior Rating 
Inventory of 
Executive 
Functioning – Adult 
Self-report 
Self-report measure of executive 
functioning 
Behavior Regulation 
Index 
Meta-cognition Index 
+ more items 
endorsed 
+ more items 
endorsed 
Other measures  
Modified-Simulator 
Sickness 
Questionnaire (M-
SSQ) 
Screens participants for potential 
risk of simulator sickness from 
exposure to the driving simulator 
and measures current symptoms 
relating to simulator sickness 
Total score + more 
symptoms 
endorsed 
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Table 3. Driving variables 
 
Theory Variable Description 
Direction 
for poorer 
driving 
Speed  
Average Speed Mean mph Average MPH in the segment + 
Speed Management Standard deviation of 
mph 
Standard deviation of speed + 
Lane Management and Steering  
Steering control Standard deviation of 
steering position 
Standard deviation of steering 
position 
+ 
Lane management Standard deviation of 
lane deviation 
Standard deviation of lane 
position 
+ 
Stopping and intersections  
Coming to a full stop at 
stop signs and lights 
Minimum mph Speed reaches 0 mph at stop 
signs and traffic lights 
Not 
stopping 
Distance from the stop 
line 
Distance in inches from 
stop line (feet) 
Distance from stop line - 
Time stopped Time stopped (sec) Time stopped at stop sign for 
those who stopped 
- 
Complex Driving  
Boy/ball Minimum mph during 
boy/ball task 
Minimum speed + 
Distance stopped from 
boy 
Distance from boy at minimum 
speed 
- 
Time stopped (sec) for 
boy/ball 
Time stopped if mph reached 0 - 
School bus Minimum mph during 
school bus task 
Minimum speed + 
Distance stopped from 
rear bumper of bus 
Distance from bus at minimum 
speed 
+ (positive 
indicates 
passed bus 
rear 
bumper) 
Time stopped (sec) for 
school bus 
Time stopped if mph reached 0 - 
Risky overtake of truck Overtake Maximum speed >55 mph in 
segment 
Passing 
truck 
Car pulling out from 
parking spot 
Closest approach (ft) Closest point to car pulling out - 
Deviation from center 
(ft) 
Distance swerved out of lane 
(i.e., to avoid car pulling out) 
+ 
First brake distance (ft) Distance from the car pulling out 
at the first brake  
- 
Construction Mean mph Average MPH in the segment + 
Standard deviation of 
mph 
Standard deviation of speed + 
Standard deviation of Standard deviation of steering + 
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steering position position 
Standard deviation of 
lane deviation 
Standard deviation of lane 
position 
+ 
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Table 4. Demographic information by group 
 
 
ADHD Group 
(n=17) 
Control Group 
(n=21)   
Variable Mean (SD) Mean (SD) Test Statistic d 
Demographic and 
background information     
Age (years) 20.53 (2.00) 20.67 (1.96) t(36)=0.21 0.07 
Gender (# male)a 9 10 χ2 (1, N=38) =1.52 -0.20 
Educational attainment 
(years) 13.59 (1.37) 14.05 (1.28) t(36)=1.06 0.35 
WASI-II FSIQ 112.35 (12.54) 113.19 (9.61) t(36)=0.23 0.08 
Alcoholic drinks per 
week 2.50 (2.98) 1.81 (3.01) t(36)=-0.70 0.01 
Illegal drug use in past 
month (# times used) 0.82 (2.92) 0.57 (2.62) t(36)=-0.28 0.23 
Hours of sleep night 
before testing 7.21 (1.10) 7.11 (1.27) t(36)=-0.24 0.08 
 
Note: aChi-square test for independence; effect size is Phi; * p < .05, ** p < .01, *** p < 
.001. 
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Table 5. BAARS-IV symptom scores and neuropsychological measures by group 
 
 
ADHD Group 
(n=17) 
Control Group 
(n=21)   
Variable Mean (SD) Mean (SD) Test Statistic d 
BAARS-IV     
Inattention total score 22.18 (5.55) 12.14 (2.13) t(36)=-7.05*** 2.39 
Inattention total score 
percentile 89.76 (13.14) 55.19 (18.19) t(36)=-6.57*** 2.18 
Inattention symptom count 4.12 (2.45) 0.05 (0.22) t(36)=-6.84*** 2.34 
Hyperactivity total score 10.76 (2.84) 6.71 (1.59) t(36)=-5.25*** 1.76 
Hyperactivity total score 
percentile 84.76 (11.99) 57.33 (19.80) t(36)=-5.01*** 1.68 
Hyperactivity symptom 
score 1.64 (1.06) 0.33 (0.48) t(36)=-4.74*** 1.59 
Impulsivity total score 7.82 (2.04) 5.48 (1.50) t(36)=-4.08*** 1.31 
Impulsivity total score 
percentile 83.29 (14.21) 55.24 (26.25) t(36)=-4.20*** 1.33 
Impulsivity symptom score 0.76 (0.90) 0.24 (0.44) t(36)=-2.20*** 0.73 
Likely to meet criteria for 
ADHD (#) 12 0   
Neuropsychological measures     
SDMT Total Correct 58.94 (9.00) 62.10 (13.58) t(36)=0.82 0.27 
Trail Making Test A Total 
Time 22.88 (5.93) 21.28 (8.41) t(36)=-0.66 0.28 
Trail Making Test B Total 
Time 58.03 (20.38) 43.66 (12.02) t(36)=-2.57* 0.87 
CPT 3 Omissions T score 47.06 (4.46) 46.24 (3.59) t(36)=-0.63 0.20 
CPT 3 Commissions T 
score 53.59 (9.55) 46.76 (8.54) t(36)=-2.30* 0.75 
CPT 3 Hit Rate SD T score 49.41 (11.69) 43.67 (6.68) t(36)=-1.80 0.60 
N-back Accuracy 3.84 (0.73) 4.31 (0.52) t(36)=2.30* 0.74 
N-back Mean Hit Reaction 
Time 605.48 (128.08) 642.62 (117.47) t(36)=0.93 0.30 
IGT Net Gain 7.55 (14.63) 13.81 (22.64) t(36)=0.99 0.26 
BRIEF Behavioral 
Regulation Index T score 55.65 (8.09) 43.05 (5.61) t(35)=-5.57*** 1.81 
BRIEF Metacognitive 
Index T Score 61.71 (9.21) 43.65 (4.07) t(35)=-7.49*** 2.54 
 
Note: aChi-square test for independence; effect size is Phi; WASI-II FSIQ = Wechsler 
Abbreviated Scale of Intelligence – Second Edition Full Scale IQ; DBQ = Manchester 
Driving Behavior Questionnaire; BAARS-IV – Barkley Adult ADHD Rating Scale – 
Fourth Edition; CPT 3 = Conners Continuous Performance Test – Third Edition; IGT  
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Iowa Gambling Task; BRIEF = Behavioral Rating Inventory of Executive Functioning – 
Adult Self Report; BAARS-IV percentile scores are not normally distributed and scores 
below the 76th %ile are considered asymptomatic; * p < .05, ** p < .01, *** p < .001.  
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Table 6. Self-reported driving information and risky driving task descriptors by group 
 
 
ADHD Group 
(n=17) 
Control Group 
(n=21)   
Variable Mean (SD) Mean (SD) Test Statistic d 
Self-reported driving 
information     
Time licensed to drive 
(years) 3.76 (1.86) 3.60 (1.88) t(36)=-0.28 0.09 
Days per week driving 3.12 (2.98) 2.62 (2.82) t(36)=-0.53 0.17 
Miles per week driving 126.47 (151.57) 55.00 (85.40) t(36)=-1.73 0.58 
Total tickets in past 4 
years 3.18 (4.52) 0.67 (1.02) t(36)=-2.25* 0.77 
Total parking tickets in 
past 4 years 2.65 (4.08) 0.24 (0.44) t(36)=-2.43* 0.83 
DBQ Unintended 
Violations 4.71 (2.05) 3.30 (1.59) t(35)=-2.34* 0.77 
DBQ Intentional 
Violations 11.29 (6.20) 8.25 (7.57) t(35)=-1.32 0.44 
DBQ Mistakes 10.24 (5.02) 7.00 (5.31) t(35)=-1.89 0.63 
DBQ Slips and Lapses 18.65 (11.45) 10.55 (8.14) t(35)=-2.51* 0.82 
DBQ Total Score 44.88 (22.20) 29.10 (20.17) t(35)=-2.27* 0.74 
Risky Driving Task     
Seconds to complete 
route 761.33 (69.58) 789.70 (102.02) t(33)=0.98 0.32 
Post-session Questionnaire     
Effort on Task 76.47 (14.55) 84.90 (16.12) t(36)=1.69 0.55 
Worth of $10 reward 48.24 (26.98) 62.95 (31.35) t(36)=1.53 0.50 
How safe of a driver were 
you? 68.82 (23.15) 78.05 (22.36) t(36)=1.25 0.41 
How much did you obey 
the rules? 79.41 (21.93) 84.81 (19.37) t(36)=0.81 0.26 
Rate overall performance 60.00 (29.37) 76.05 (18.48) t(36)=1.96 0.65 
 
Note: * p < .05, ** p < .01, *** p < .001. 
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Table 7. Simulated driving speed and lane management by group.  
 Straight Highway Section  Curved Highway Section 
 
ADHD 
Group 
Control 
Group   
 ADHD 
Group 
Control 
Group   
Variable 
Mean 
(SD) 
Mean 
(SD) 
Test 
Statistic d 
 Mean 
(SD) 
Mean 
(SD) 
Test 
Statistic d 
Speed          
   Average speed 56.68 (4.20) 
55.25 
(4.00) 
t(36)= 
-1.07 0.35 
 57.25 
(5.15) 
56.09 
(8.81) 
t(36)= 
-0.48 
0.25 
 
   SD speed 5.02 (1.74) 
4.83 
(2.13) 
t(36)= 
-0.29 0.10 
 3.62 
(2.16) 
3.15 
(2.11) 
t(36)= 
-1.22 
0.26 
 
Lane Management           
   SD steering  
   position 
1.29 
(2.37) 
0.81 
(0.65) 
t(36)= 
-0.90 
0.28 
 
 7.71 
(0.65) 
7.84 
(0.55) 
t(36)= 
0.66 0.22 
   SD lane deviation 2.65 (2.11) 
1.51 
(0.51) 
t(36)= 
-2.40* 0.74 
 4.32 
(1.89) 
3.69 
(1.11) 
t(36)= 
-1.22 
0.41 
 
 Straight Residential Section  Curved Residential Section 
 
ADHD 
Group 
Control 
Group    
ADHD 
Group 
Control 
Group   
Variable 
Mean 
(SD) 
Mean 
(SD) 
Test 
Statistic d  
Mean 
(SD) 
Mean 
(SD) 
Test 
Statistic d 
Speed          
   Average speed 23.95 (5.86) 
22.83 
(6.23) 
t(33)= 
-.54 
0.19 
 
 15.69 
(3.40) 
12.74 
(3.40) 
t(33)= 
-2.52* 
0.87 
 
   SD speed 3.51 (2.63) 
2.64 
(2.12) 
t(33)= 
1.04 
0.35 
 
 3.62 
(1.04) 
3.55 
(1.60) 
t(33)= 
-0.31 
0.11 
 
Lane Management           
   SD steering 
   position 
3.79 
(3.73) 
3.43 
(2.93) 
t(33)= 
-0.03 
0.11 
 
 36.25 
(4.32) 
35.99 
(5.61) 
t(33)= 
-0.19 
0.07 
 
   SD lane deviation 1.67 (0.96) 
1.44 
(1.06) 
t(33)= 
-0.77 
0.25 
 
 4.49 
(1.01) 
4.59 
(1.08) 
t(33)= 
0.29 
0.10 
 
 
Note: * p < .05, ** p < .01, *** p < .001. 
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Table 8. Simulated driving stopping and intersections by group.  
 Rural Stop Sign  Commercial Stop Light 
 
ADHD 
Group 
Control 
Group   
 ADHD 
Group 
Control 
Group   
Variable 
Mean 
(SD) 
Mean 
(SD) 
Test 
Statistic d 
 Mean 
(SD) 
Mean 
(SD) 
Test 
Statistic d 
Stopped (# did not 
stop)a 9 10 
χ2 (1, 
N=38) 
=0.11 
-
0.05 
 
2 0 
  
Distance from stop 
line (feet) 
-8.89 
(9.77) 
-7.69 
(11.19) 
t(36)= 
0.35 0.11 
 -8.74 
(8.27) 
-12.83 
(6.62) 
t(36)= 
-1.65 
0.55 
 
Time stopped (sec) --- --- --- ---  15.79 (2.02) 
13.68 
(3.56) 
t(36)= 
-2.07* 
0.73 
 
 Residential Stop Sign 1  Residential Stop Sign 2 
 
ADHD 
Group 
Control 
Group    
ADHD 
Group 
Control 
Group   
Variable 
Mean 
(SD) 
Mean 
(SD) 
Test 
Statistic d  
Mean 
(SD) 
Mean 
(SD) 
Test 
Statistic d 
Stopped (# did not 
stop)a 12 7 
χ2 (1, N=38) 
=5.22* -0.37 
 9 9 χ
2 (1, N=38) 
=0.38 -0.10 
Distance from stop 
line (feet) 
-4.46 
(6.74) 
-6.97 
(11.12) 
t(36)= 
-0.82 0.27 
 3.68 
(12.26) 
-2.10 
(11.66) 
t(36)= 
-1.47 0.48 
Time stopped (sec) --- --- --- --- 
 
--- --- --- --- 
 
Note: aChi-square test for independence; effect size is Phi; * p < .05, ** p < .01, *** p < 
.001. 
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Table 9. Complex simulated driving behaviors by group. 
 
 
ADHD Group Control Group   
Variable Mean (SD) Mean (SD) Test Statistic d 
Boy and ball     
Boy and ball (# did not 
stop)a 
9 10 χ2 (2, N=34) 
=0.11 -0.05 
Minimum speed (mph) 0.38 (0.91) 0.20 (0.48) t(32)=-0.73 0.25 
Closest distance to boy 
(feet) 21.76 (10.55) 26.49 (18.87) t(32)=0.92 0.31 
Time stopped (sec)  2.05 (1.14) 2.20 (1.50) t(32)=0.32 0.11 
School bus     
Bus stop (# did not stop) 0 0   
Minimum speed (mph) 0.25 (0.92) 0.88 (3.75) t(30)=0.62 0.23 
Distance stopped from 
rear bumper (feet) -17.63 (28.10) -27.73 (33.80) t(30)=-0.90 0.32 
Time stopped (sec) 7.97 (6.67) 11.60 (5.52) t(30)=1.68 0.59 
Car pull out     
Closest distance to car 
(feet) 100.50 (112.07) 107.97 (121.79) t(33)=0.19 0.06 
Deviation out of lane 
(feet) 2.98 (3.08) 3.02 (3.81) t(33)=0.03 0.01 
Distance from car at first 
brake (feet) 120.49 (91.23) 98.60 (89.27) t(32)=-0.70 0.24 
Truck following     
Risky overtake (#) 17 20   
Construction     
Speed     
   Average speed 36.50 (7.19) 38.96 (9.49) t(36)=0.88 0.17 
   SD Speed 3.38 (3.45) 2.54 (2.69) t(36)=-0.85 0.27 
Lane Management      
   SD steering position 3.41 (2.31) 3.23 (1.15) t(36)=-0.32 0.10 
   SD lane deviation 3.42 (1.50) 2.47 (1.44) t(36)=-1.99* 0.65 
 
Note: aChi-square test for independence; effect size is Phi; * p < .05, ** p < .01, *** p < 
.001. 
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Table 10. Regression Coefficients, Standard Errors, and Model Summary Information for 
Residential Segment Average Speed Model Depicted in Figure 5.  
  Consequent  
Antecedent  Coeff. SE p Model Summary  
  TMT-B (M1)  
Group (X) a1 0.76 0.39 .063 adj R2 = .296, F(3,29) = 4.06, p = .016* 
  SDMT (M2)  
Group (X) a2 -1.60 4.30 .714 adj R2 = .090, F(3,29) = 0.96, p = .426 
  N-back (M3)  
Group (X) a3 -0.47 0.23 .054 adj R2 = .137, F(3,29) = 1.53, p = .227 
  IGT (M4)  
Group (X) a4 0.04 0.56 .943 adj R2 = .097, F(3,29) = 1.04, p = .390 
  CPT Commission Errors (M5)  
Group (X) a5 5.85 3.06 .066 adj R2 = .251, F(3,29) = 3.24, p = .036* 
  CPT Hit Rate SD (M6)  
Group (X) a6 7.19 3.37 .042* adj R2 = .174, F(3,29) = 2.03, p = .132 
  BRIEF BRI (M7)  
Group (X) a7 14.84 2.40 .000*** adj R2 = .572, F(3,29) = 12.93,  
p < .001*** 
  BRIEF MI (M8)  
Group (X) a8 19.10 2.65 .000*** adj R2 = .648, F(3,29) = 17.82,  
p < .001*** 
  Residential Segment Average 
Speed (Y) 
 
Group (X) c’ 0.51 2.34 .829  
TMT-B (M1) b1 -0.21 0.61 .734  
SDMT (M2) b2 0.13 0.06 .038*  
N-back (M3) b3 -1.47 0.95 .137 adj R2 = .533, F(11,21) = 2.17, 
 p = .061* IGT (M4) b4 -0.35 0.39 .385 
CPT Commission 
Errors (M5) 
b5 -0.01 0.08 .889 
CPT Hit Rate SD 
(M6) 
b6 0.05 0.08 .513  
BRIEF BRI (M7) b7 0.12 0.10 .245  
BRIEF MI (M8) b8 -0.02 0.10 .880  
 
Note: IGT = Iowa Gambling Task; SDMT = Symbol Digit Modalities Test; CPT 3 = 
Conners Continuous Performance Test – Third Edition; TMT-B = Trail Making Test B; 
BRIEF BRI and MI = Behavior Rating Inventory of Executive Function Behavioral 
Regulation Index and Metacognitive Index. * p < .05, ** p < .01, *** p < .001. 
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Table 11. Regression Coefficients, Standard Errors, and Model Summary Information for 
Straight Highway Lane Variability Model Depicted in Figure 6.  
  Consequent  
Antecedent  Coeff. SE p Model Summary  
  TMT-B (M1)  
Group (X) a1 0.88 0.35 .017* adj R2 = .279, F(3,33) = 4.25, p = .012* 
  SDMT (M2)  
Group (X) a2 -3.22 3.89 .413 adj R2 = .080, F(3,33) = 0.96, p = .424 
  N-back (M3)  
Group (X) a3 -0.54 0.21 .013* adj R2 = .207, F(3,33) = 2.87, p = .051 
  IGT (M4)  
Group (X) a4 -0.48 0.59 .417 adj R2 = .065, F(3,33) = 0.76, p = .524 
  CPT Commission Errors (M5)  
Group (X) a5 6.99 2.73 .015* adj R2 = .322, F(3,33) = 5.22, p = 
.005** 
  CPT Hit Rate SD (M6)  
Group (X) a6 6.96 3.02 .028* adj R2 = .192, F(3,33) = 2.62, p = .067 
  BRIEF BRI (M7)  
Group (X) a7 13.14 2.23 .000*** adj R2 = .521, F(3,33) = 11.98,  
p < .001*** 
  BRIEF MI (M8)  
Group (X) a8 18.33 2.32 .000*** adj R2 = .656, F(3,33) = 20.97,  
p < .001*** 
  Straight Highway Lane 
Variability (Y) 
 
Group (X) c’ 1.82 0.58 .005**  
TMT-B (M1) b1 -0.16 0.16 .332  
SDMT (M2) b2 0.01 0.01 .547  
N-back (M3) b3 -0.07 0.26 .782 adj R2 = .707, F(11,25) = 5.50,  
p < .001*** IGT (M4) b4 -0.23 0.09 .019* 
CPT Commission 
Errors (M5) 
b5 -0.02 0.02 .465 
CPT Hit Rate SD 
(M6) 
b6 0.11 0.02 .000***  
BRIEF BRI (M7) b7 -0.06 0.03 .030*  
BRIEF MI (M8) b8 -0.03 0.03 .248  
 
Note: IGT = Iowa Gambling Task; SDMT = Symbol Digit Modalities Test; CPT 3 = 
Conners Continuous Performance Test – Third Edition; TMT-B = Trail Making Test B; 
BRIEF BRI and MI = Behavior Rating Inventory of Executive Function Behavioral 
Regulation Index and Metacognitive Index. * p < .05, ** p < .01, *** p < .001. 
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Table 12. Model Summary Information for Commercial Stop Light Wait Time Model 
Depicted in Figure 7.  
  Consequent  
Antecedent  Coeff. SE p Model Summary  
  TMT-B (M1)  
Group (X) a1 0.90 0.37 .020* adj R2 = .277, F(3,31) = 3.96, p = .017* 
  SDMT (M2)  
Group (X) a2 -2.86 3.96 .476 adj R2 = .067, F(3,31) = 0.74, p = .538 
  N-back (M3)  
Group (X) a3 -0.47 0.20 .028* adj R2 = .223, F(3,31) = 2.97, p = .047* 
  IGT (M4)  
Group (X) a4 -0.42 0.60 .488 adj R2 = .064, F(3,31) = 0.71, p = .556 
  CPT Commission Errors (M5)  
Group (X) a5 8.15 2.72 .005** adj R2 = .347, F(3,31) = 5.49, p = .004* 
  CPT Hit Rate SD (M6)  
Group (X) a6 7.12 3.20 .034 adj R2 = .193, F(3, 31) = 2.48, p = .080 
  BRIEF BRI (M7)  
Group (X) a7 12.96 2.18 .000*** adj R2 = .560, F(3,31) = 13.15,  
p < .001*** 
  BRIEF MI (M8)  
Group (X) a8 18.19 2.38 .000*** adj R2 = .654, F(3,31) = 19.54,  
p < .001*** 
  Commercial Stop Light Wait 
Time (Y) 
 
Group (X) c’ 2.15 1.73 .227  
TMT-B (M1) b1 -0.10 0.48 .839  
SDMT (M2) b2 0.03 0.04 .494  
N-back (M3) b3 0.20 0.86 .815 adj R2 = .522, F(11,23) = 2.28, p = 
.046* IGT (M4) b4 0.42 0.27 .131 
CPT Commission 
Errors (M5) 
b5 -0.06 0.07 .389 
CPT Hit Rate SD 
(M6) 
b6 0.01 0.06 .868  
BRIEF BRI (M7) b7 0.00 0.09 .996  
BRIEF MI (M8) b8 0.05 0.10 .611  
 
Note: IGT = Iowa Gambling Task; SDMT = Symbol Digit Modalities Test; CPT 3 = 
Conners Continuous Performance Test – Third Edition; TMT-B = Trail Making Test B; 
BRIEF BRI and MI = Behavior Rating Inventory of Executive Function Behavioral 
Regulation Index and Metacognitive Index. * p < .05, ** p < .01, *** p < .001. 
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Table 13. Model Summary Information for Construction Zone Lane Variability Model 
Depicted in Figure 8.  
  Consequent  
Antecedent  Coeff. SE p Model Summary  
  TMT-B (M1)  
Group (X) a1 0.88 0.35 .017* adj R2 = .279, F(3,33) = 4.25, p = .012* 
  SDMT (M2)  
Group (X) a2 -3.22 3.89 .413 adj R2 = .080, F(3,33) = 0.96, p = .424 
  N-back (M3)  
Group (X) a3 -0.54 0.21 .013* adj R2 = .207, F(3,33) = 2.87, p = .051 
  IGT (M4)  
Group (X) a4 -0.48 0.59 .417 adj R2 = .065, F(3,33) = 0.76, p = .524 
  CPT Commission Errors (M5)  
Group (X) a5 6.99 2.73 .015* adj R2 = .322, F(3,33) = 5.22, p = 
.005** 
  CPT Hit Rate SD (M6)  
Group (X) a6 6.96 3.02 .028* adj R2 = .192, F(3,33) = 2.62, p = .067 
  BRIEF BRI (M7)  
Group (X) a7 13.14 2.23 .000*** adj R2 = .521, F(3,33) = 11.98,  
p < .001*** 
  BRIEF MI (M8)  
Group (X) a8 18.33 2.32 .000*** adj R2 = .656, F(3,33) = 20.97,  
p < .001*** 
  Construction Zone Lane 
Variability (Y) 
 
Group (X) c’ 0.27 0.24 .280  
TMT-B (M1) b1 0.04 0.07 .600  
SDMT (M2) b2 -0.00 0.01 .783  
N-back (M3) b3 -0.22 0.11 .060 adj R2 = .470, F(11,25) = 2.01,  
p = .072 IGT (M4) b4 -0.02 0.04 .614 
CPT Commission 
Errors (M5) 
b5 -0.01 0.01 .356 
CPT Hit Rate SD 
(M6) 
b6 0.01 0.01 .442  
BRIEF BRI (M7) b7 0.01 0.01 .261  
BRIEF MI (M8) b8 -0.02 0.01 .193  
 
Note: IGT = Iowa Gambling Task; SDMT = Symbol Digit Modalities Test; CPT 3 = 
Conners Continuous Performance Test – Third Edition; TMT-B = Trail Making Test B; 
BRIEF BRI and MI = Behavior Rating Inventory of Executive Function Behavioral 
Regulation Index and Metacognitive Index. * p < .05, ** p < .01, *** p < .001. 
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Table 14. Pearson’s correlations between hyperactive/impulsive and inattentive 
symptoms and simulated driving behaviors. 
 
Variable 
Inattention 
Total Score 
Impulsivity/ 
Hyperactivity 
Total Score 
Straight Highway   
   Average speed .102 .082 
   SD Speed -.008 .098 
   SD steering position .150 .139 
   SD lane deviation .183 .138 
Curved Highway   
   Average speed .040 .093 
   SD Speed .135 .114 
   SD steering position -.065 -.282 
   SD lane deviation .001 .128 
Straight Residential   
   Average speed -.048 .237 
   SD Speed .376* .167 
   SD steering position .261 .188 
   SD lane deviation .247 .185 
Curved Residential   
   Average speed .255 .417* 
   SD Speed -.137 -.200 
   SD steering position -.083 -.261 
   SD lane deviation .138 .047 
Stopping   
Rural stop distance -.182 -.164 
Stopped (Yes/No) -.066 -.092 
Commercial wait time .339* .131 
Commercial stop time -.035 .038 
Stopped (Yes/No) -.218 -.074 
Residential stop 1 stop 
distance .159 .199 
Stopped (Yes/No) -.514** -.333* 
Residential stop 2 stop 
distance .094 .026 
Stopped (Yes/No) -.130 -.185 
Boy and ball   
Minimum speed (mph) .240 .164 
Closest distance to boy 
(feet) -.165 -.316 
Time stopped (sec)  -.024 .027 
School bus   
 89 
Minimum speed (mph) -.101 -.068 
Distance stopped from 
rear bumper (feet) -.076 .070 
Time stopped (sec) .047 -.248 
Car pull out   
Closest distance to car 
(feet) .035 .114 
Deviation of out lane 
(feet) -.071 -.004 
Distance from car at first 
brake (feet) .015 -.070 
Construction   
   Average speed -.166 -.072 
   SD Speed .163 .203 
   SD steering position .124 .096 
   SD lane deviation .023 .143 
 
Note. * p < .05, ** p < .01, *** p < .001. 
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Table 15. Model Summary Information for DBQ Unintended Violations Model Depicted 
in Figure 9.  
  Consequent  
Antecedent  Coeff. SE p Model Summary  
  TMT-B (M1)  
Group (X) a1 0.88 0.35 .017* adj R2 = .279, F(3,33) = 4.25, p = .012* 
  SDMT (M2)  
Group (X) a2 -3.22 3.89 .413 adj R2 = .080, F(3,33) = 0.96, p = .424 
  N-back (M3)  
Group (X) a3 -0.54 0.21 .013* adj R2 = .207, F(3,33) = 2.87, p = .051 
  IGT (M4)  
Group (X) a4 -0.48 0.59 .417 adj R2 = .065, F(3,33) = 0.76, p = .524 
  CPT Commission Errors (M5)  
Group (X) a5 6.99 2.73 .015* adj R2 = .322, F(3,33) = 5.22, p = 
.005** 
  CPT Hit Rate SD (M6)  
Group (X) a6 6.96 3.02 .028* adj R2 = .192, F(3,33) = 2.62, p = .067 
  BRIEF BRI (M7)  
Group (X) a7 13.14 2.23 .000*** adj R2 = .521, F(3,33) = 11.98,  
p < .001*** 
  BRIEF MI (M8)  
Group (X) a8 18.33 2.32 .000*** adj R2 = .656, F(3,33) = 20.97,  
p < .001*** 
  DBQ Unintended 
Violations (Y) 
 
Group (X) c’ -1.35 1.08 .221  
TMT-B (M1) b1 0.45 0.30 .153  
SDMT (M2) b2 0.05 0.03 .101  
N-back (M3) b3 -0.06 0.48 .908 adj R2 = .519, F(11,25) = 2.46,  
p = .031* IGT (M4) b4 -0.05 0.17 .748 
CPT Commission 
Errors (M5) 
b5 -0.00 0.04 .988 
CPT Hit Rate SD 
(M6) 
b6 -0.05 0.04 .217  
BRIEF BRI (M7) b7 0.11 0.05 .040*  
BRIEF MI (M8) b8 0.08 0.05 .127  
 
Note: IGT = Iowa Gambling Task; SDMT = Symbol Digit Modalities Test; CPT 3 = 
Conners Continuous Performance Test – Third Edition; TMT-B = Trail Making Test B; 
BRIEF BRI and MI = Behavior Rating Inventory of Executive Function Behavioral 
Regulation Index and Metacognitive Index. * p < .05, ** p < .01, *** p < .001. 
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Table 16. Model Summary Information for DBQ Slips and Lapses Model Depicted in 
Figure 10.  
  Consequent  
Antecedent  Coeff. SE p Model Summary  
  TMT-B (M1)  
Group (X) a1 0.88 0.35 .017* adj R2 = .279, F(3,33) = 4.25, p = .012* 
  SDMT (M2)  
Group (X) a2 -3.22 3.89 .413 adj R2 = .080, F(3,33) = 0.96, p = .424 
  N-back (M3)  
Group (X) a3 -0.54 0.21 .013* adj R2 = .207, F(3,33) = 2.87, p = .051 
  IGT (M4)  
Group (X) a4 -0.48 0.59 .417 adj R2 = .065, F(3,33) = 0.76, p = .524 
  CPT Commission Errors (M5)  
Group (X) a5 6.99 2.73 .015* adj R2 = .322, F(3,33) = 5.22, p = 
.005** 
  CPT Hit Rate SD (M6)  
Group (X) a6 6.96 3.02 .028* adj R2 = .192, F(3,33) = 2.62, p = .067 
  BRIEF BRI (M7)  
Group (X) a7 13.14 2.23 .000*** adj R2 = .521, F(3,33) = 11.98,  
p < .001*** 
  BRIEF MI (M8)  
Group (X) a8 18.33 2.32 .000*** adj R2 = .656, F(3,33) = 20.97,  
p < .001*** 
  DBQ Slips and Lapses (Y)  
Group (X) c’ -6.99 5.69 .231  
TMT-B (M1) b1 0.53 1.61 .744  
SDMT (M2) b2 0.08 0.15 .597  
N-back (M3) b3 -2.84 2.55 .276 adj R2 = .707, F(11,25) = 5.50,  
p < .001*** IGT (M4) b4 2.23 0.87 .018* 
CPT Commission 
Errors (M5) 
b5 -0.04 0.21 .837 
CPT Hit Rate SD 
(M6) 
b6 -0.07 0.19 .717  
BRIEF BRI (M7) b7 0.23 0.26 .377  
BRIEF MI (M8) b8 0.68 0.26 .016*  
 
Note: IGT = Iowa Gambling Task; SDMT = Symbol Digit Modalities Test; CPT 3 = 
Conners Continuous Performance Test – Third Edition; TMT-B = Trail Making Test B; 
BRIEF BRI and MI = Behavior Rating Inventory of Executive Function Behavioral 
Regulation Index and Metacognitive Index. * p < .05, ** p < .01, *** p < .001. 
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Figure 1. Driving hierarchy (from Barkley & Cox, 2007) 
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Figure 2. Results of t-tests comparing speed and lane deviation in RDT with baseline 
drive 
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Figure 3. Overview of map with segments, stops, and challenges.  
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Figure 4. Study visit procedures.  
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Figure 5. Model 1 Curved Residential Average Speed 
 
 
Note: IGT = Iowa Gambling Task; SDMT = Symbol Digit Modalities Test; CPT = 
Conners Continuous Performance Test – Third Edition; TMT-B = Trail Making Test B; 
BRIEF BRI and MI = Behavior Rating Inventory of Executive Function Behavioral 
Regulation Index and Metacognitive Index. * p < .05, ** p < .01, *** p < .001. 
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Figure 6. Model 2 Straight Highway Lane Variability 
 
Note: IGT = Iowa Gambling Task; SDMT = Symbol Digit Modalities Test; CPT = 
Conners Continuous Performance Test – Third Edition; TMT-B = Trail Making Test B; 
BRIEF BRI and MI = Behavior Rating Inventory of Executive Function Behavioral 
Regulation Index and Metacognitive Index. * p < .05, ** p < .01, *** p < .001. 
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Figure 7. Model 3 Commercial Stop Wait Time 
 
 
Note: IGT = Iowa Gambling Task; SDMT = Symbol Digit Modalities Test; CPT = 
Conners Continuous Performance Test – Third Edition; TMT-B = Trail Making Test B; 
BRIEF BRI and MI = Behavior Rating Inventory of Executive Function Behavioral 
Regulation Index and Metacognitive Index. * p < .05, ** p < .01, *** p < .001. 
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Figure 8. Model 4 Construction Lane Variability 
 
 
Note: IGT = Iowa Gambling Task; SDMT = Symbol Digit Modalities Test; CPT = 
Conners Continuous Performance Test – Third Edition; TMT-B = Trail Making Test B; 
BRIEF BRI and MI = Behavior Rating Inventory of Executive Function Behavioral 
Regulation Index and Metacognitive Index. * p < .05, ** p < .01, *** p < .001. 
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Figure 9. Model 5 DBQ Unintended Violations. 
 
 
Note: IGT = Iowa Gambling Task; SDMT = Symbol Digit Modalities Test; CPT = 
Conners Continuous Performance Test – Third Edition; TMT-B = Trail Making Test B; 
BRIEF BRI and MI = Behavior Rating Inventory of Executive Function Behavioral 
Regulation Index and Metacognitive Index. * p < .05, ** p < .01, *** p < .001. 
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Figure 10. Model 6 DBQ Slips and Lapses. 
 
 
Note: IGT = Iowa Gambling Task; SDMT = Symbol Digit Modalities Test; CPT = 
Conners Continuous Performance Test – Third Edition; TMT-B = Trail Making Test B; 
BRIEF BRI and MI = Behavior Rating Inventory of Executive Function Behavioral 
Regulation Index and Metacognitive Index. * p < .05, ** p < .01, *** p < .001. 
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APPENDICES 
 
Appendix A. Descriptions of neuropsychological measures. 
Intelligence: 
• Wechsler Abbreviated Scale of Intelligence – Second Edition. The WASI-II 
(Wechsler, 2011) two-subtest form was used to derive full scale IQ (FSIQ) for all 
participants. The WASI-II two-subtest form consists of Vocabulary and Matrix 
Reasoning subtests, which provide measures of verbal fund of knowledge and 
nonverbal reasoning, respectively. The WASI-II two-subtest form takes 15 
minutes to administer and was developed as a screening tool to be used in parallel 
with the Wechsler Adult Intelligence Scale-IV (WAIS-IV; Wechsler, 2008). 
Previous research has found that clinic-referred adults with ADHD have lower IQ 
scores than healthy control adults (Barkley, 1997); however, prior driving 
research has not shown that IQ is responsible for differences in driving behavior 
observed between these two groups (Barkley et al., 2002). Two participants in the 
healthy control group had previous administration experience with the WASI-II, 
and therefore Vocabulary and Matrix Reasoning subtests from the WAIS-IV were 
administered. Subtest scores were converted to estimated WAIS-IV FSIQ based 
on procedures described by Sattler and Ryan (2009). Concurrent validity between 
WAIS-IV FSIQ and two-subtest WASI-II FSIQ is high (r = .86). 
Simple Attention and Processing Speed: 
• Symbol Digit Modalities Test. The SDMT (Smith, 1982) is a paper-and-pencil 
task that requires the examinee to substitute a number for a randomized 
presentation of a geometric figure. The appropriate number is shown in a key 
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containing the Arabic numbers 1 through 9, each with a different geometric 
figure. The total number of correct responses was used. This test takes 
approximately 90 seconds to complete.  
• Trail Making Test A. The TMT-A (Army Individual Test Battery, 1944; Reitan & 
Wolfson, 1985) is part A of the trail making measure. The TMT-A is a pencil-
and-paper task in which participants must connect circles with the numbers 1-25 
in numerical order as fast as they can. The total time taken to complete the task 
was used. 
Working memory:  
• N-back task. In this computerized task, based on the “single n-back” task 
described by Jaeggi and colleagues (2010), participants are shown a sequence of 
letter stimuli and have to respond each time the current letter is identical to the 
one present “n” positions back in the sequence. For example, in the 2-back 
condition, participants would respond to a letter “A” if an “A” had been presented 
two trials back. Each letter is shown for 500 ms each, followed by a 2500 ms 
interstimulus interval. Participants are required to press a pre-defined key for 
targets, and their response window lasts from the onset of the stimulus until the 
presentation of the next stimulus (3000 ms). Participants were tested on 0-, 1- , 2-, 
and 3-back levels in that order, with each level presented for 3 consecutive 
blocks, resulting in a total of 9 blocks. A block consists of 20 + n stimuli, divided 
into six targets and 14 + n non-targets each. Two variables were generated from 
this test: the proportion of hits minus false alarms averaged over all blocks and the 
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average reaction time for all correct responses (i.e. “hits”). This task takes 
approximately 15 minutes to administer. 
Response inhibition and sustained attention: 
• Conners Continuous Performance Test – Third Edition. Continuous performance 
tests have been used to measure sustained attention and response inhibition in 
adults with ADHD (Woods et al., 2002; Siederman, 2006). The present study used 
the third edition of the Conners Continuous Performance Test (CPT 3; Conners, 
2014). In this computerized test, participants are shown a sequence of letters on 
the computer screen and are required to push the spacebar when any letter except 
“X” appears. Three variables were generated from this test: age- and gender-
corrected T scores for total commission errors, total omission errors, and standard 
deviation of reaction time for correct responses (i.e., “hits”). This test takes 
approximately 14 minutes to administer. 
Cognitive Flexibility: 
• Trail Making Test B. The TMT-B (Army Individual Test Battery, 1944; Reitan & 
Wolfson, 1985) is part B of the trail making measure. The TMT-B is similar to 
TMT-A; however, both numbers and letters are present, and participants must 
alternate between a number and a letter in ascending order (e.g. 1-A-2-B-3-C). 
The total time taken to complete the task was used.  
Risky Decision Making: 
• Iowa Gambling Task. The IGT (Bechara, Damasio, Damasio & Anderson, 1994; 
Bechara, Damasio, Tranel & Damasio, 1997) assesses decision making under 
conditions of ambiguity. In this test, participants draw cards from one of four 
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decks. Each card contains financial gains, but may also contain a financial loss. 
Two of the decks are considered “advantageous,” containing smaller individual 
gains and losses and resulting in an overall net gain over the course of the task, 
while the remaining two are considered “disadvantageous,” containing larger 
gains and losses, and resulting in a net loss over the course of the task. In the 
version of this task used, participants cycle through the four decks in order, each 
time making the choice whether to play (i.e., choose a card) or pass (Caufman et 
al., 2010).  The variable used from this task was the final net score. This test takes 
approximately 10 minutes to administer. 
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Appendix B. Examiner instructions for RDT practice drive and RDT drive. 
For the RDT practice drive, the examiner will read the following 
instructions: “For this next drive, we will be driving through the virtual environment 
along the route shown here [point to map]. Within the virtual environment there are 
rural, highway, residential, school, and commercial zones. First, I’ll show you the route, 
and we’ll drive it once together while I give you directions. Next, you’ll drive it alone 
while I am in the next room. The route starts here [point to map and trace route with 
finger]. First, you take a right into the rural zone. Next, you’ll take another right, leading 
you into the highway zone. Follow the highway zone and take Exit 8A. At the end of the 
highway off ramp, take a left into the commercial zone. Then, take the second right. We 
will take a left, a left, a right, and a right through the residential zone. Go straight 
through the residential zone, and then take a left at the first light in the commercial zone. 
Go straight at the next two stop lights, and pull over on the right when you get to the end 
of the commercial zone, at the highway off ramp. Now, I’ll give you a minute to look at 
the map and the directions. Let me know if you have any questions.”  
The examiner will begin timing one minute after they finish reading the instructions. If 
the participant indicates that they are done looking before one minute is up, the examiner 
will encourage them to review the route again. If they are not finished looking at one 
minute, the examiner will tell them that they will have another chance to look at the map 
before drive the route alone. 
After the participant has finished the practice drive, they will begin the RDT drive. 
Participants will be given the following instructions: “In this task you will have ten 
minutes, as shown on this timer [examiner points to timer], to drive the route that we just 
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practiced. If you park at end of the commercial zone before the timer reaches zero, you 
will receive an additional $10. If you arrive after the timer reaches zero, you will receive 
$5. You should obey normal traffic conventions, such as following the posted speed limit 
and driving safely, just as you would if you were driving in a normal car. There may be a 
police officer somewhere along the route. If the police officer catches you breaking the 
rules, you will lose all of your reward. This driving environment is the same as the one 
we just drove through. Start here [examiner points to start on map] and drive through the 
rural, highway, residential, school, and commercial zones to the end of Center Street in 
the commercial zone [examiner points to finish on map]. You may spend as much time 
looking at the map and directions as you need to before you start driving. Once you are 
ready, start the car and press start on the timer. Remember, in order to receive the full 
$10 you must arrive within the time limit while obeying the rules of the road. You must 
reach the end of the route in order to receive your reward. For this task, I’ll be in the 
room next door. Once you’ve finished, put the car in park and open the door to let me 
know you’re done.”  
After the examiner reads the instructions to the participant, they will answer any 
questions. When the participant indicates that he or she is ready to begin, the examiner 
will start the simulated vehicle, start the timer, and leave the room. 
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Appendix C. Map of Risky Driving Task for participants 
 
  
 
 
 
 
 
Start 
Finish  
 109 
Appendix D. Post-session questionnaire 
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